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P  R  E  F  A  C 

IN  the  Firfi  Volume  of  this  Curfm^  and  in  the 
beginning  of  the  Second^  I  have  treated  of 
Quantity  confider’.d  abftra(5tly  •  and  towards 
the  end  thereof,  I  have  handled  ir^  as  it  may  be  ap- 
lied  to  Matter,  and  as  it  difcovers  to  us  the  Pro¬ 
perties  and  Diftances  of  the  moft  remote  Bodies.  In 
this  Third  Volume  ,  I  confider  Quantity  as  à 
Property  infeparable  from  Matter,  without  which 
it  could  have  neither  Figure  nor  Situation.  Tri^ 
gonometry,  which  was  the  Subjedf  of  the  lafl:  Part 
of  the  preceding  Volume,  is  likewife  in  fome  Mea- 
fiire  the  Subjeà  of  Geometry,  as  being  a  Science 
treating  of  the  Triangle,  which  is  the  firft  and 
I  pleft  of  all  Redilineal  Figures.  The  Geometry 
i  which  I  am  now  going  to  handle,  takes  in  all  other 
I  Figures,  examines  their  Properties,  divides  them, 

I  compares  them,  and  obferves  their  feveral  Relations 
to  each  other. 

Since  many  Gentlemen  ftudy  Geometry,  with  no 
other  intent  than  for  the  better  Underftanding  of 
the  Art  of  War  ^  I  have,  for  tha;  Reafon,  to  this 
Geometry  annexed  Fortification,  which  has  always 
sbeen  look’d  upon  as  moft  honourable,  as  being  the 
Bufinefs  of  a  Hero,  and  is  now  in  great  Reputati¬ 
on.  There  are  not  many  curious  Things  to  be 
tjfaid  concerning  the  Origin  of  Geometry,  bur  there 
tare  abundance  upon  that  of  Fortihcadon,  and  its 
iProgrefs  ^  which  have  been  fufficiently  mention’d  by 
lalm.oft  aU  thofç  who  treated  of  this  Arc  ; .  There».> 
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fore  to  avoid  being  tirefotne  by  too  long  a  Pre¬ 
face,  I  fliall  content  my  felf  with  faying  fomething 
of  Geometry. 

The  knowledge  of  the  Diftances  of  Things  has 
been  alway$  found  fo  negelTary,  that  Men  could 
never  have  liv’d  without  confidering  them,  arid 
marking  them  in  their  Memories,  or  by  fome  ex¬ 
terior  Sign  :  So  that  tho’  ’tis  pretended  the  Egyp¬ 
tians  were  the  firfl:  Inventers  of  Geometry,  becaufe 
they  were  the  firft  that  were  under  any  Neceffity 
of  preferving  the  Limits  and  Extents  of  their  Lands 
and  Poffeffions,  either  by  Figures  traced  and  deline- 
ated,  or  by  Accounts  and  Memorials  contain’d  in 
Writing,  the  Inundations  of  their  Lands  by  the 
overflowing  of  the  Nile,  effacing  all  other  Marks  • 
yet  as  there  was  the  fame  Neceffity  before  the  in¬ 
undated  part  of  Egypt  was  inhabited,  fince  there  was 
no  making  any  Divifion,  without  taking  the  Mea- 
fures  of  the  whole,  and  of  each  Part  •  nor  any 
Building  of  Houfes  and  Towns,  without  being  ap.- 
priz’d  of  their  Figures,  and  regulating  them  by 
Meafures  ;  ’tis  to  be  prefum’d,  that  the  Science  of 
Meafuring  is  as  Old  as  the  World.  Man  took  froni 
himfelf  the  Meafures  of  all  other  Things  f  he  did 
not  borrow  from  others  the  Names  of  Fathoms, 
Cubits,  Feet,  Inches,  he  prefently  applied  his 
Thumb,  his  Foot,  his  Hand,  and  his  Arms  to  the 
Things  he  wou’d  meafure  ;  and  fo  he  took  from’ 
bis  own  Body  the  Dimenfioris  of  all  other  Thingfi 
having  no  occafion  for  Books  or  Mafters,  and  with-  t 
out  burthening  the  Memory  with  Names'  of  Fi-  i 
gures.  Thus  the  fame  neceffity  which  forced  Men  i 
to  divide  into  Shares,  make  Partitions,  arid  to  ufe  I 
Meafures  which  they  borrow’d  from  themfelves,  ob-  i 
liged  them  to  feek  out  a  way  of  reducing  Things  ■ 
propofed  to  an  Equality,  in  order  to  come  at  their  j 
Shares  ;  and  this  way  of  reducing  Things  to  an 
Equality,  could  hot  be  known  without'  giving  ah  f 
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Account  of  the  divided  Parcels^  or  the  Meafiires 
which  were  necelTary  to  be  applied  and  reckon’d> 
in  order  to  proceed  in  the  Divifions  with  Exa<5t- 
nefs  :  And  this  gave  a  Beginning  to  Geometry. 

Vitruvius j  to  whom  we  owe  all  that  is  Beautiful 
in  Architedure^,  fays,  that  the  Grecians  by  an  Ex- 
cefs  of  Delicacy,  in  point  of  Building,  did  not 
only  take  the  Parts  of  Humane  Body  for  the  com¬ 
mon  Standard  of  their  Plans  and  Draughts,  but 
even  the  Beauty  of  Human  Bodies  for  the  Mo¬ 
del  of  that  of  Architecture  :  And  by  this  nice  In¬ 
vention,  they  form’d  the  Corinthian  Order,  from 
the  Beautiful  Proportion  of  a  well  Shap’d  Woman  ; 
the  Ionic  Order  from  the  Shape  of  a  handfom 
well- proportion’d  Man,  and  the  Doric  Order  from 
the  Shape  of' a  labouring  Man,  Strong  and  Ro- 
buft.  Upon  the  whole,  Man  was  fo  much  his  own 
Idol,  as  to  imagine  himfelf  the  moft  PerfeCt  of 
all  created  Beings,  and  fo  propos’d  his  own  Body 
as  the  Model  and  Meafure  of  all  others. 

Thus  much  for  what  relates  to  the  Origin  of 
Geometry  ,•  as  for  its  Utility,  we  may  fay.  That 
if  the  Greeks  have  been  reckon’d  more  refin’d  than 
other  Nations,  it  is  purely  becaufe  that  by  Means 
of  this  Science,  they  found  the  ftiorteft,  and  moll 
certain  Road  of  becoming  Reafonable  and  Ingeni-’ 
ous.  Socrates  y  who  'was  the  ableft  of  their  Ma¬ 
ilers,  prov’d  that  all  Men  had  Senfe  or  Ingenui-  * 
by  examining  them  in  a  certain  Manner, 
and  by  turning  their  Wits  more  one  way  than 
another.  We  likewife  know  that  he  ^  and  the  o- 
ther  Grecians  begun  with  Geometry  3  fo  that  ’tis 
more  than  probable,  ’twas  by  this  Science  their 
Minds  were  fo  far  elevated  above  others.  The 
Grecians  at  prefent  are  as  unpolifh’d  as  other  Peo¬ 
ple,  and  that  undoubtedly  from  their  having  neg- 
leCled  the  fame  Method  of  teaching  their  Chil¬ 
dren.  So  that  now  if  here  Perfons  wou’d  apply 
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themfelves  more  to  Geometry^  and  begin  earlier, 
we  might  hope  their  Faculties  wou’d  arrive  to  a 
higher  Pitch,  and  improve  to  a  much  greater 
Perfedlion. 

'  Again,  tho’  we  fiiou’d  fuppofe  Geometry  to  be 
without  this  Advantage,  and  to  leave  the  Minds 
i)i  Men-  ftill  groveling  in  the  Duft  ^  it  would  not, 
however,  ceafe  to  be  ufefub  in  all  forts  of  Pro- 
feflions  ;  it  is  even  then  more  neceflary  for  Men, 
who  content  themfelves  with  a  moderate  Condi¬ 
tion,  than  for  thofe  who  have  an  Ambition  to 
raife  their  Fortunes.  There  is  no  State  of  Life,  that 
does  not  require  the  Ufe  of  all  forts  of  Meafures,  it  is 
the  Soul  of  all  Trades  :  All  the  Arts’^  which  tend 
to  the  fupplying  of  Mankind  with  Food  and 
Cloathing,  fubfift  only  by  Meafures  of  Lengths, 
Breadths,  Circles  and  Squares.  Thofe  whofe  Lot 
it  is  to  drive  a  Trade  in  Provifions,  mufl:  know 
the  Meafures  of  dry  and  liquid  Things,  and  their 
Redudions.  ’Husbandmen  underftand  Surveying, 
either  thro’  NecefEty  or  Pradice  ;  Brewers  un¬ 
derftand  Gauging  ;  Mafons  and  Carpenters  know 
how  to  lay  out,  to  meafure  Angles,  and  Squares, 
and  all  the  Dimenfions  of  a  piece  of  Building. 
They  who  work  in  Wood,  Iron  or  Stone,  can¬ 
not  be  without  the  knowledge  of  thofe  Mea¬ 
fures.  But  above  all,  thofe  who  apply  themlelves 
to  the  Liberal  Arts,  ought  never  to  be  without 
Rule  and  Compafs,  unlefs  they  will  abandon  their 
Defigns,  and  be  reckon’d  as  filly  as  thofe  who 
compofe  Difcourfes  without  Reafoning.  Menfura- 
tion,  if  we  may  fay  fo,  is  the  Reafon  of  all  Arts, 
and  of  all  performances  belonging  to  them  ;  take 
away  Geometry  from  any  Arts,  either  Liberal  or* 
Mechanic,  and  you  take  away  its  Soul  and  Rea- 
fon  ;  that  is,  in  plain  Terms,  you  deftroy  ig. 

However  allowable  it  may  be  in  private  Men 
to  negled  thefe  Sciences,  Perfon^  of  Quality,  and 
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thofe  who  have  the  Condud  of  Societies  and  States^' 
may  by  no  Means  be  allow’d  to  do  fo.  If  Men 
were  only  attack’d  by  Hunger^  Thirft,  Cold^  Heat, 
Wind,  Rain,  or  Wild  Beafts,  they  might  live  like 
Cynics,  and  chufe  a  Life  like  that  of  Beafts  •  eating 
the  Fruits  of  the  Earth,  drinking  meer  Water,  warm¬ 
ing  themfelves  in  the  Sun,  and  feek  only  Caves 
and  Dens  to  defend  them  from  the  Inconvenien¬ 
ces  of  the  Air,  or  againft  the  Ihfults  of  the  Beafts# 
But  when  they  make  War  upon  each  other,  to 
preferve  their  Goods,  their  Liberty,  and  Lives  ; 
they  muft  of  neceffity  quit  that  Savage  and  Idle 
fort  of  Living  j  they  muft  make  Weapons,  fortify 
themfelves  in  Company  with  other  Men,  and  aA 
fociate  together  to  avoid  ^  common  Danger  ,*  they 
muft  oppofe  Force  to  Force,  and  Politicks  to  Po¬ 
liticks.  This  occafion’d  the  Building  and  Fortify¬ 
ing  of  Cities,  in  order  to  refift  Strangers  who 
might  be  difpos’d  to  make  attempts  on  their  Lives 
and  Liberties. 

'  Fortification  therefore  is  the  chief  Art  where^ 
in  Geometry  is  ufed,  and  is  at  prefent  in  fuch  a 
degree  of  Perfedion,  that  there  is  no  likelyhood  it 
will  receive  any  eflential  Addition^  becaufe  it 
feems  impoffible  to  find  any  Thing  that  is  not  al¬ 
ready  invented  for  the  attacking  of  Places.  Earth 
is  made  ufe  of  for  Trenches,  Banks,  and  Re¬ 
trenchments  ;  Water  for  Sluces  and  Inundations  ; 
and  Fire  is  applied  various  ways  below,  by  the 
contrivances  of  Mines  ;  above,  by  Granadoes,  Bombs 
and  Carkaffes,  and  diredly  by  Canons,  and  other 
pieces  of  Ordnance.  Methods  of  Defence  have 
been  invented  againft  all  thefe  ;  and  nothing  is 
wanting  but  the  perfecting  them  ;  and  unlels  Man¬ 
kind  finds  out  fome  ocher  Elements,  there  is  not 
much  probability  that  they  can  invent  New  Me^ 
thods,  either  Oftenfive  or  Defenfive. 
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î  weîl  enough  know,  'tis  not  long  fmce  any  very 
regular  Fortifications  have  been  made^  and  that^ 
confequently^  Geometry  was  not  fo  very  neceffary 
to  Engineers  of  old,  as  ^tis  to  thofe  of  the  prefent 
time,  who  apply  it  with  great  Induftry  and  Succefs, 
to  the  improvement  of  Military  Architecture.  This 
fliews  there  is  nothing  to  be  done  without  Geome¬ 
try,  efpecially,  at  prefent,  when  War  is  now  grown 
a  neceffary  Art,  which  every  Body  is  obliged  to 
learn,  becaufe  of  the  unhappy  Quarrels  which  are 
fpread  all  over  Europe» 
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TREATISE 

OF 

GEOMETRY- 

Geometry  is  a  part  of  pure,  Mathematicks , 
which  confiders  Magnitude,  not  fo  much  in  refpeifè 
to  it  felf,  as  the  relation  it  may  have  to  another 
Magnitude  of  the  fame  kind,  in  abftraâring  it  from  all 
Matter  or  fenfible  Subject,  It  is  divided  into  Speculative 
and  Traükal. 

Speculative  Geometry  (imply  confideris  thô  Properties  of 
Continu’d  Quantity,  that  is  to  fay,  of  Magnitude  which 
has  Extenfion,  and  whereof  the  Parts  are  united  together* 
in  refpe<ft  to  the  Place  that  it  occupies,  and  then 'it  is 
called  Continued  permanent  Quantity,  as  LineSy  Planes 
and  Solids  :  Or  in  refpeA  to  the  Time  wherein  it  fublifts, 
and  then  it  is  called  Continu’d  fucceflive  Quantity,  as 
Motion.  * 

Practical  Geometry  teaches  to  Meafure  and'^*  Divide  con¬ 
tinu’d  Quantity  according  to  its  Extenfion,  which  may 
have  only  one  Dimenfion,  ‘  called  Length,  as  Line  :  or 
elfe  ^two  Dimen(ions,  to  wit.  Length  and  Breadth,  as 
Plane  :  or  elfe  again  three  Dimenfions,  to  wit.  Length, 
Breadth  and  Depth,  or  Height,  orThicknefs,  as  Body. 

It  is  of  PraB:ical  Geometry  that  we  intend  to  treat  parti¬ 
cularly  in  this  place,  and  fhall  divide  it  into  four  parts  j 
whereof,  the  Firft,  (hall  treat  of Geoie/y,  or  the  Divifon 
of  Lands  ;  the  Second,  of  Longimetry^  or  the  Mehfurat’on 
of  acceflible  and  inaccefhble  Lines  upon  the  Earth  :  The 
third  oïVlanîmetry^  which  is  the  Menfuration  of  Planes  i 
Yol.  Ill,  B  and 
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and  the  Stereometry^  which  is  the  Mcnliiration  c£ 

Solids  or  Bodies, 

- 

DEFINITIONS. 


I. 


A  Body  or  Solid,  is  a  Qiiantity  extended  in  Lengthy 
Breadth  and  Depth,  as  ABCDEFG,  which  has  the  Fi¬ 
gure  of  a  Dye,  the  length  whereof  is  AB,  or  FG,  or  DE  j 
the  Breadth,  which  is  fuppofed  to  be  lefs  than  the  Length, 
is  BC,  or  DG,  or  EF  ;  and  the  Height,  or  Depth,  or 
Thicknels,  is  AF,  or  BG,  or  CD.  It  has  alfo  an  upper 
part  as  DEFG,  and  an  under,  as  ABC,  which  is  term’d 
the  Bafe,  in  regard  of  its  height  BG,  which  muft  be 
perpendicular  to  it  for  to  be  its  true  Height.  It  has  be- 
lides  a  fore-part,  as  ABGF,  and  a  hinder  Part,  as  CDE. 
Laftly,  it Jias  Sides,  as  BCDG,  AFE.  But  in  terms  of 
Geometry,  they  call  the  Lines  which  bound  a  Figure, 
the  Sides  of  it,  as  the  Length,  Breadth  and  Depth  :  And 
that  which  enclofes  a  Space,  and  is  bounded  on  all  fîdes, 
is  generally  called  3,  Figure,  whence  it  is  eafie  to  conclude 
that  an  Angle  is  not  a  Figure.  ^ 

IL 

A  Surface,  or  Superficies,  is  the  Extremity  of  a  Body, 
which  has  two  Dimenfions,  to  wit,  Length  and  Breadth, 
without  confidering  any  Thicknefs,  or  Depth,  as  DEFG, 
the  length  whereof  is  DE,  and  the  Breadth ’EF,  which 
is  always  conceiv’d  lefs  than  the  Length.  It  is  evident  ^ 
that  a  Body  is  compos’d  of  an  infinite  Number  of  Super¬ 
ficies,  >  and  that  many  Superficies  being  plac’d  one  upon  the 
other,  cannot  produce  but  one  Superficies  ;  inlomuch  that 
if  one  Superficies  produce  a  Body,  you  muft  imagine  it  to 
move  from  one  place  to  another. 

III. 

A  Line  is  the  Extremity  of  a  Body,  or  Superficies, 
which  has  only  one  Dimenfion,  to  wit.  Length,  without 
confidering  either  Breadth  or  Depth,  as  EF,  or  FG.  It 
is  evident  that  a  Body  and  a  Surface  are  compofed  of  an 
infinite  number  of  Lines,  and  that  many  Lines  being 
plac’d  one  againft  the  other,  cannot  produce  but  one 
Line  5  fo  that  for  one  Line  to  generate  a  Surface,  you 
muft  move  it  from  one  pkee  to  another  :  And  as  this' 
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Motion  cannot  be  made  but  by  a  Line,  therefore  two  Flats  h 
Lines  being  multiply’d  together  produce  a  Surface,  where-  Fig,  i, 
of  thofe  Lines  reprefent  the  two  Dimenfons  :  and  as  the 
Surface  lihewife  cannot  be  mov^d  but  by  a  Line,  there¬ 
fore  the  Produâ:  alfb  of  three  Lines  is  a  Solid,  whereof 
thofe  LiiKs  are  the  three  Dimenfions. 

IV. 

I  ■ 

A  Voint  is  the  Extremity  of  a  Body,  a  Surface,  or  a 
Line,  which  is  conceiv’d  as  indivifïbîe,  or  without  Di- 
menfion,  that  is  to  fay,  to  which  there  is  not  attributed 
either  Length,  Breadth  or  Depth,  having  confequently 
noT^arts  :  as  A  or  B.  It  is  evident  that  a  Line,  as  well 
as  a  Surface,  and  Solid,  is  compos’d  of  an  infinite  num¬ 
ber  of  Points,  and  tha.t  many  Points  being  plac’d  one  a- 
gainft  the  other,  cannot  produce  but  one  Point.  There¬ 
fore  that  one  Point  may  generate  a  Line,  it  nruft  be 
mov’d  from  one  place  to  another. 

Points  cannot  fubfift  feparate  from  Lines,  or  SurfoceSj 
or  Bodies  ;  nor  Lines  from  Surfaces,  or  Solid  s;  nor  Sur 
faces  from  Solids  :  Yet  Mathematicians  do  conceive  them 
feparate,  when  they  feek  the  Meafures  of  Lines,  or  of  Sur¬ 
faces,  by  confidering  a  Line  as  in  fuch  a  manner  diâin-* 
guiflied  from  a  Surface  ;  as  when  they  meafure  the  Length 
of  a  Road,  without  confiderlng  its  breadth  :  and  a  Sur¬ 
face  as  actually  feparate  from  a  Body,  as  when  they  mea^ 
fure  the  Superficies  of  a  Wall  without  confideri-ng  its 
Solidity.  '  '  ' 

V. 

A  Fight  Lins  is  that,  whereof  all  the  Points  are  plac’d  • 
equally,  as  AB.  When  one  fays  fimply  a  Line,  it  is  to 
be  underftood  a  Right  LinCé  It  is  evident  that  the,re 
are  no  Right  Lines  of  different 'Species* 

VI. 

^  to 

A  Curved  Line  is  thatj  whereof  .all  the  Pojnts  ^fe  2* 
not  equally  placed,  as  i^BC.  It  is  evident  that  tiiere  are 
an  infinite  -number  of  Curved  Lines  of  different  Species, 

“and of  different  Kinds.*  Ànd  as  it  would  be  too  tedious, 
and  even  ufelefs  to  mention  them  all,  wCifiiall  only  fpeak 
in  the  Allowing  Treatife  of  thofe  which  ma^  '|)e  propet 
to  Gii-r  Subje<^f*  '  -  .  . 

B  a 
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VII. 

i 

Plate  L  Tangent  of  a  Curve  Line,  îs  a  Line  which  meets 

2o  Curve  in  one  Point  only,  without  cutting  it,  that  is 
^  to  fay,  without  entring  into  it,  as  EF,  which  meets  the 
Curve  ABC  in  the  point  G  only,  without  entring  into  it, 

w 

VIIL 


Parallel  Lines  are  thofe  which  being  extended  at 
pleafure,  are  always  equally  diftant  from  each  other  : 
as  AC,  GH» 

IX. 


3. 


Perpendicular  Lines  are  thofe  that  cut  one  another  in 
fuch  manner,  that  the  one  in  refped:  to  the  other,  doth 
not  incline  to  one  fide  more  than  the  other.  Thus  it 
is  faid  that  the  Line  ABjs /Perpendicular  to  the  Line 
CD,  and  that  reciprocally  the  Line  CD  is  Perpendicular 
to  the  Line  AB  ;  becaule  that  the  Line  AB  in  refpeéf  to  the 
Line  CD  does  not  incline  more  towards  C  than  towards 
D  ;  and  that  in  like  manner  the  Line  CD  in  refpeft  to  the, 
line  AB,  does  not  incline  more  towards  A  than  to» 
wards  B. 

X. 


» 

,  The  Diameter  of  a  Curve  Line  of  the  firft  kind,  is 
a  ftrait  Line  drawn  within  that  Curve,  which  divides 
into  two  equal  Parts  all  the  right  parallel  Lines  drawn 
within  the  fame  Curv’d  Line,  Thus  it  is  faid  that 
the  line  BD  is  the  Diameter  of  the  Curve  ABC,  becaufe 
it  divides  into  two  equal  Parts  at  the  Points  D  and  T, 
the  two  Parallels  AC,  GH,  which  are  called  Ordinates 
to  the  Diameter  BD,  which  is  called  the  AxiSy  when  ii  is 
perpendicular  to  its  Ordinates. 


XL 


The  Vertex  of  a  Curve  is  the  Point  where  that  Curve 
is  cut  by  its  Diameter,  as  B,  It  is  evident  that  as  a 
Curv’d  Line  may  have  an  infinite  number  of  different 
Diameters,  it  may  alfo  have  an  infinite  number  of  difi’ 
f'erent  Vertexes,  becaufe  one  may  draw  in  it  many  pa¬ 
rallel  right  Lines  in  divers  manners,  and  make  as  ma* 
ny  different  Diameters  pafs  through  their  middle  Points. 
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XIL 

^rhe  Perpendicular  of  a  Curv'd  Line  is  that  which 
paifing  through  the  Point  of  Contact,  is  Perpendicular 
to  the  Tangent  :  as  GK,  which  I  fuppofe  Perpendicular 
to  the  Tangent,  EF,  which  touches  the  Curve  ABC  at 
the  Point  G, 

( 

XIIL 

An  Angle  is  an  indefinite  Space  formed  by  the  Inclina¬ 
tion  of  two  Lines  that  cut  one  another,  which  is  call’d  a 
PeBilinear  Angle^  when  its  two  Lines  are  right,  as  IGK  t 
a  Mixtilinecir  Angle  ^  when  one  of  its  two  fides  is  right,  and 
the  other  curv’d,  as  IGB  :  and  a  Curvilinear  Angle,  when 
the  two  Lines  which  form  it  are  Curv’d,  as  LGC,  which 
is  term’d  a  Spherical  Angle,  when  its  two  Lines  are  upon 
a  Spherical  Superficies  |  and  every  Angle,  whofe  two 
lines  are  upon  a  Plane,  is  call’d  a  Plane  Angle, 

A  Planp  Mixtilinear  and  Curvilinear  Angle  are  re¬ 
duc’d  to  a  Re<ailinear,  by  two  right  Lines,  that  touch 
the  Curv’d  Lines  of  the  Angle  at  the  Point  of  Interfeaion, 
which  is  call’d  the  Angular  Point,  or  Vertex.  Thus  the 
Mixtilinear  Angle  RGL  is  reduc’d  to  a  Reftilinear 
KGM,  by  fuppofing  that  the  right  Line  GM  touches  the 
curve  GL  at  the  Point  G  :  and  the  Curvilinear  Angle 
LGC  is  reduc’d  to  a  Reailinear  MGF,  by  fuppofing  that 
the  two  curv’d  lines  GL,  GC,  are  touch’d  at  the  Point 
G,  by  the  right  Lipes  pM,  GF. 

XIV, 

A  Pight  Angle  is  that,  whofe  two  Lines  are  Perpendi-  Fig,  2, 
cular  to  each  other  :  as  KGE,  or  RGF,  fuppofing  the 
Line  KG  is  Perpendicular  to  the  Line  EF.  Whence  it  i^ 
eafie  to  conclude  by  the  Definition  ofPerpendicular  Lines, 
that  all  Right  Angles  are  equal  to  one  another,  therefore 
when  two  Lines  are  Perpendicular  to  each  other,  they 
are  faid  to  cut  one  another  at  right  Angles,  as  AB,CD^  «s* 
which  interfering  at  the  Point  E,  make  four  right 
jf\.ngles,  which  are  equal  to  ope  another, 

/  '■  ' 
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XV. 

An  Oblique  Angle  is  that  which  is  madé  by  the  meet¬ 
ing  of  two  oblique  Lines,  that  is  to  fày,  of  two  Lines 
which  are  not  Perpendicular,  or  which  cut  one  another  at 
unequal  Angles.  Or  elfe  it  is  that  which  is  greater  or 
lefs  than  a  right  Angle  :  and  then  it  is  called  an  Acute 
Angle,  when  it  is  lefs  than  a  Right,  as  IGE,  which  is 
lefs  than  the  right  Angle  KGE  :  and  an  Obtufe  Angle, 
when  it  is  greater  than  a  Right,  as  IGF,  which  is 
greater  than  the  Right  Angle  RGF. 

XVI. 

The  Baje  of  a  Curve  Line  is  the  laft  of  the  Ordihatês 
which  terminates  its  Diîynèter  and  Curve.  Thus  it  is 
faid  that  the  Baie  of  the  Curve  ABC,  is'  the  right 
Line  AC,  which  terminates  the  Diameter  BD,  w'hieh  is 
here  Perpendicular  to>The  Bafe  AC,  and  then  this  Per¬ 
pendicular  Or  Axis  BD,  is  call'd  thé  Height  of  the  Curve 
ABC,  in  refpeét  to  the  Bafe  AC. 

)  XVII. 

A  Plàin  Surface,  which  is  Hmply  Call’d  a  Plane,  is 
that  whofe  Lines  are  all  right,  ii!  whatfoever  manner  they 
are  drawn,  although  one  may  draw  upon  it  curv’d  Lines, 
yet  all  thofe  curv’d  Lines  will  be  equally  plac’d,  that  is 
to  fay,  that  one  will  not  be  lower  nor  higher  than  ano?- 

ther.  Such  is  the  Plane  ABGF,  or  BCDG,  or  DEFG. 

« 

XVIII.  ^ 

A  Curved  Surface,  is  that  whole  Lines  are  all  Curv’d,  it 
béing  impofïible  that  there  fhould  be  in  it  any  right 
Line  5  fbme  being  higher,  or  lower,  than  others  :  as  the 
Surface  of  a  Sphere,  Which  is  call’d  a  Spherical  Superficies  5 
which  being  confider’d  outwardly,  is  term’d  a  Convex 
Surface,  and  confîdèpd  inwardly  is  call’d  a  Concave  Surface, 

XIX.  -  ■ 

A  Circle  is  a  plain  Surface  bounded  by  one  curv’d  Line 
Only,  which  is  called  the  Circumference  of  the  Circle, 
within  which  there  is  a  Point  call’d  the  Centre  of  the  Circle, 
from  whence  all 'right  Lines  drawn  to  the  Circumference, 

call’d. 
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called  the  Radij  of  the  Circle,  are  equal  to  one  another.  Tlate  /. 
Thus  it  is  evident  that  ABCD  is  the  Circumference  ofivÿ.  4. 
a  Circle,  whofe  Centre  is  O,  and  the  Radij,  or  Semi- 
Diameters  are  the  equal  right  Lines  OA,  OB,  OC, 

XX. 

A  Diameter  of  a  Circle  is  a  right  Line  drawn  at  plea- 
fure  through  the  Centre  of  the  Circle,  and  terminated  at 
both  ends  by  the  Circumference  of  the  fame  Circle  :  as 
AC,  which  divides  the  Circle  and  its  Circumference  into 
two  equal  parts,  each  of  which  is  indifferently  call’d  a 
Semi-circle,  the  half  whereof  is  confequently  term’d  the 
Quadrant  of  a  Circle, 

XXL 

The  Arc  of  a  Circle  is  a  part  of  the  Circumference, 
either  lefs,  or  greater  than  a  Semi-circle,  or  half  of  the 
Circumference  :  as  the  Arc  AB,  which  is  lefs  than  the 
Semi-circle  ABC  ;  or  elfe  the  Arc  ADCB,  which  is 
greater  than  the  Semi-circle  ADC. 

Mathematicians  have  divided  the  Circumference  of  a 
Circle  into  3(^0  equal  Parts,  or  fmall  equal  Arcs,  which 
they  have  call’d  Degrees  :  and  each  Degree  into  60  other 
lefs  equal  Parts,  call’d  Minutes  ;  Every  one  of  which  has 
been  divided  into  60  equal  Parts  call’d  Seconds,  and  fo  on  ; 
that  having  been  done  chieBy  to  determine  the  Qiiaptity 
pf  a  Redlilinear,  or  Spherical  Angle  :  For, 

XXII. 

■<  ^  ^  ■ 

The  Meafure  of  an  Angle  is  an  Arc  of  a  Circle  de- 
fcrib’d  at  pleafure  from  its  Angular  Point,  and  termi¬ 
nated  by  its  two  Lines.  Thus  it  is  faid  that  the  Mea¬ 
fure  of  the  Redilinear  Angle  AOB  is  the  Arc  of  â  Circle 
AB  ;  for  as  many  Degrees  and  Minutes  as  this  Afc  AB 
will  contain,  of  fo  many  Degrees  and  Minutes  will  be  the 
Angle  AOB,  which  it  meafures, 

XXIII, 

The  Seüor  rf  a  Circle  is  the  Part  of  a  Çircle  termi-^ 
nated  by  two  Radij,  and  by  a  part  of  the  Circumference, 
lefs  or  greater  than  half  of  the  fame  Circumference, 
which  is  called  the  Bafç  of  the  Sedor  :  As  the  Sedor 

‘  ^  B  4 
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BOÇE,  whofe  Bafeis  the  Arc  BEC  :  Or  the  Sedor 
BOCDA,  whofe  Bafe  is  the  Arc  B  ADC. 

XXIV. 

The  Segment  of  a  Circle  is  a  part  of  a  Circle  termi»» 
nated  by  an  Arc  of  a  Circle,  lefs  or  greater  than  half 
of  the  Circumference  of  the  Circle,  whereof  it  is  a  part, 
and  by  a  right  Line,  which  joins  the  Extremities  of  that 
Arc,  and  which  is  call’d  a  Chord  :  As  the  Segment  BCE,^ 
which  is  lefs  than  the  Semi-circle  ACE  ;  or  the  Segment 
BGDA,  which  is  greater  than  the  Semi-circle  ACD. 

XXV. 

A  Reâiîinear  Figure  is  a  Plane  Surface  terminated  by 
Right  Lines  called  Sides,  which  is  named  a  Triangle^ 
when  it  is  bounded  by  three  right  Lines  :  a  Quadrilateral 
Figure^  or  Quadrangle,  when  it  is  bounded  by  four  right 
Lines  :  and  laftly  a  Polygone,  when  it  is  terminated  by 
more  than  four  right  lines, 

XXVL 

A  Triangle  is  therefore  a  Plane  terminated  by  three 
right  Lines,  as  ABC,  which  is  called  an  Equilateral  Tri-^ 
angle,  when  its  three  Sides  are  equal  ;  an  Ifofceles,  when 
I  it  has  only  two  Sides  equal  ;  and  a  Scalenum,  when  all 
its  Sides  are  unequal.  But  when  it  has  one  Right  Angle, 
it  is  called  a  Pigjit  Angled  Triangle  i  and  when  all  its  Angles 
are  Acute  it  is  called  an  Oxigone  :  and  laftly,  when  it 
has  one  Obtufe  Angle,  it  is  called  an  Amblygone. 

XXVII. 

The  Bafe  of  a  Triangle  is  the  Side  whereon  is  drawn  a 
perpendicular  from  its  oppoftte  Angle,  which  is  call’d  the 
Height  of  the  Triangle,  in  refpe<ft  to  its  Bafe.  Thus  it  is 
evident,  that-the  Bafe  of  the  Triangle  ABC  is  the  Side 
.  AB,  in  regard  to  its  Height  or  Perpendicular  CD,  which 
divides  the  Bafe  AB  into  two  parts  AD,  BD,  call’d  the 
Segments  of  the  Bafe,  even  when  the  Perpendicular  CD 
falls  without  it,  which  will  happen  when  one  of  the  two 
Angles  at  the  Bafe  AB,  is  obtufe.  The  greateft  Side  of  a 
Right  angled  T riangle,  to  wit,  that  which  is  oppofite  to 
the  Right  Angle,  is  likewife  term’d  the  Bafe  :  But  that 
Side  is  more  commonly  call’d  the  Jlypoienufe,  and  we 
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iliall  always  make  ufeof  that  Term  in  what  follows,  as 

'  we  have  already  done  in  the  two  foregoing  T reatifes. 

•  *  '  * 

xxviir. 

1 

A  Quainlateral  Figure  is  alio  a  Plane  terminated  hy  Hate 
four  Right  Lines,  which  is  call’d  a  Tetragon^  and  more.  Fig,  6. 
commonly  a  Square^  when  it  has  all  its  Sides  equal,  and  ‘ 
its  four  Angles  right,  as  ABCD  :  An  Oblongs  when  it 
has  all  its  Angles  right,  hut  not  all  its  Sides  equal,  as 
EFGH  :  A  Rhombus^  and  Zo^engs  in  Terms  of  Blafo- 
ning,  when  it  has  all  its  Sides  equal,  and  its  Angles  Ob¬ 
lique,  as  I  KLM  :  A  Rhomboïdes^  when  it  has  its  Angles 
oblique,  and  only  its  two  oppofite  Sides  equal,  as  NOPQ^: 

And  a  Trape:(zum^  when  two  oppofte  Sides  are  not  equal, 
as  ABCD,  which  we  ihall  call  a  Trape^poides^  when  it  has 
two  oppofte  Sides  parallel  to  one  another,  as  EFGH, 
whofe  two  oppofite  Sides,  EF,  GH,  are  parallel, 

XXIX. 

« 

A  Pareîleîogram  is  a  Figure  of  four  fides,  wliereof  the 
two  oppofite  are  parallel  to  one  another  :  As  the  Square, 
the  Oblong,  the  Rhombus,  and  the  Rhomboïdes,  When 
the  Angles  of  a  Parallelogram  are  right,  it  is  call’d  a 
Right  angled  Parallelogram^  or  fimply  a  Rebhangle  :  As  the 
Square  ABCD,  and  the  Oblong  EFGH,  where  the  fourF;^, 
Angles  are  right, 

XXX. 

The  Bafe  of  a  Parallelogram  is  the  fide  upon  which  is 
drawn  from  one  of  the  two  oppofite  Angles  a  Perpendicu¬ 
lar,  which  is  call’d  the  Height  of  the  Parallelogram,  wdth 
refpecl:  to  its  Bafe,  Thus  it  is  evident  that  the  Bafe  of  the 
Parallelogram  NOPQ^,  is  the  Side  NO,  in*refpedl:  to  its 
Height  or  Perpendicular  PR,  which  in  this  place  falls  with¬ 
out  it,  and  it  would  have  fallen  within,  if  it  had  been 
drawn  from  the  Angle  Q. 

XXXI. 

A  Bpjygon  is  ,  a  Figure  of  more  than  four  Sides,  as  Fig»  8. 
ABCDE  ;  which  is  called  a  Pentagpn^  when  it  has  five 
Sides  ;  a  Hexagon^  when  it  has  fix  f  a  Heptagon^  when  it 
has  feven  ;  an  Oâagon^  when  it  has  eight  \  an  Fnneagon^ 
when  it  has  nine  j  a  Decagon^  when  it  has  ten  ;  an  ÈnXe- 
-  "  .  .  '  ca(^on.. 
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when  it  has  eleven  \  and  a  Dodecagon^  when  it  has 
twelve  Sides. 

♦  • 

XXXII. 

When  all  the  Angles  of  a  Polygon  are  equal,  it  is  cal¬ 
led  a  Regular  Polygon  ;  as  the  Hexagon  FGHIRL,  whofe 
Centre  O  is  the  fame  as  the  Centre  of  a  Circle  circum- 
ferib’d  ;  and  when  all  the  Angles  of  a  Polygon  are  not 
equal  to  one  another,  it  is  call’d  an  Irregular  Polygon  ^  as 
the  Pentagon  ABCDE. 

xxxiir. 

They  call  the  Angle  of  the  Centre  that  which  is  form’d  at 
the  Centre  of  a  regular  Polygon  by  two  Right  Lines 
drawn  from  the  Centre  of  the  Polygon  through  the  two 
Extremities  of  one  of  its  Sides,  as  FOG  :  And  the  Angle 
of  the  Polygon,  that  which  is  form’d  by  two  Sides  of  a 
regular  Polygon,  as  FGH. 

XXXIV. 


A  Diagonal  is  a  Right  Line  drawn  on  the  Plane  of  a. 
Rectilinear  Figure  from  one  Angle  to  another.  Thus  it  is 
evident  that  the  Right  Line  AC,  or  BD,  is  the  Diago¬ 
nal  of  the  Square  ABCD  ;  that  the  Right  Line  EG  is  the 
Diagonal  of  the  Oblong  EFGH  ;  that  the  Right  Line  IL 
is  the  Diagonal  of  the  Rhombus  IRLM,  and  that  the 
Right  Line  NP  is  the  Diagonal  of  the  Rhomboides 
NOPQ. 

The  Diagonal  of  a  Parallelogram  is  moft  commonly 
call’d  the  Diameter  of  the  Parallelogram  :  And  the  Point 
where  the  two  Diameters  of  a  Square  InterfecSt,  is 
call’d  the  Centre  of  the  Square,  as  O.  It  is  evi'^ 
dent  that  a  Polygon  is  divided  by  Diagonals  drawn  from 
the  fame  Angle  into  as  many  Triangles  as  there  are  Sides, 
except  two.  Thus  it  is  plain,  that  the  Pentagon  ABCDE 
is  divided  into  three  T riangles  by  the  Diagonals  DA,  DB. 


XXXV, 


A  Mathematical  Oval,  commonly  call’d  an  EUipfis,  is  a 
Plane  terminated  only  by  one  Curv’d  Line,  term’d  the 
Circumference  of  the  EUipfis,/' cis  ABCD,  within  which 
drawing  fo  many  Ordinates  at  .pleafure  to  any  one  Diame¬ 
ter  AC,  as  FG,  HI,  the  Squares  of  thofe  Ordinates  FG, 

•  HI, 


Définitions.  ii 

I 

HI,  or  only  of  their  halves  FK,  HL,  which  are  common-  Tlate  /. 
ly  taken  for  the  Ordinates  in  all  Curve  Lines  of  the  firft  9. 
Order,  are  proportional  to  the  Reftangles  under 'the  cor- 
refpondent  Parts  of  the  fame  Diameter  AC  ;  that  is  to 
fay,  that  the  Square  of  the  Ordinate  FK  is  to  the  Reél- 
angle  under  the  correfpondent  Parts  AK,  KC,  as  the 
Square  of  the  Ordinate  HL,  is  to  the  Reélangle  under 
the  correfpondent  Parts  AL,  CL. 

We  have  faid  in  Vef.  2.  that  a  Curve  Line  may  have 
an  infinite  number  of  different  Diameters,  and  we  will 
fay  here,  that  when  thofe  Diameters  are  not  parallel  to 
one  another,  the  Point  of  Interfedfion  is  call’d  thé  Centre 
of  the  Curve  Line  :  So  that  the  Centre  of  the  Elliphs 
will  be  the  Point  Ê,  where  the  two  Diameters  aC,  BD, 
divide  each  other  into  two  equal  Parts  :  And  when  they 
interfeét  one  another  at  Right  Angles,  as  in  this  place, 
the  greater  AC,  -which  reprefents  the  Length  of  the  EU 
lipfis,  is  caird  the  Great  Jlxis,  and  the  leller  BD,  which 
reprefents  the  Breadth  of  the  Ellipfis,  is  call  d  the  fmail 

X  XXVI. 

« 

A  Parabola  is  an  indefinite  Plane  terminated  by  a  jo 
Curve  Line,.  calFd  a  Parabolick  Line,  and  which  is 
commonly  taken  for  the  Parabola  it  felf,  as  ABC,  within 
which,  to  any  Diameter  BD,  drawing  fo  many  Ordinates 
at  pleafure,  as  FG,  Hi,  the  Squares  of  thofe  Ordinates 
FG,  HI,  are  to  one  another  as  the  correfpondent  Parts  of 
the  Diameter  BG,  BI  ^  or  elfe,  which  comes  to  the  fame 
thing,  the  Square  of  each  Ordinate  is  equal  to  a  R'eifiangle 
under  the  correfpondent  part  of  the  Diameter,  and  a  cer¬ 
tain  Line  BE  of  a  determin’d  Magnitude,  call’d  the  Pa¬ 
rameter  of  the  Parabola,  that  is  to  fay,  that  the  Square  FG 
is  equal  to  the  Re<ftangle  under  the  correfpondent  Part 
BG,  and  the  Parameter  BE,  andlikewife  the  Square  HI 
is  equal  to  the  Reéiangle  under  the  correfpondent  Part  BI, 
and  the  fame  Parameter  BE. 

This  Parabola  is  call’d  the  Quadratic  Parabola,  to  diftin- 
guifh  it  from  the  Cubic  Parabola,  where  the  Cube  of  an 
Ordinate,  asFG,  is  equal  to  a  Solid  under  the  correfpon- 
dent  Part  BG,  and  the  Square  of  the  Parameter  BE  : 

And  from  the  Bi(^uadratic  Parabola,  where  the  Biquadrate 
of  an  Ordinate,  as  FG,  is  equal  to  the  Produeft  under  the 
correfpondent  Part  BG,  and  the  Cube  of  the  Parameter 
BE  :  And  fb  of  other  Parabolas  in  infnitum. 


XXXVIL 
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Plate  II. 
14. 


Plate  /. 


xxxvir. 

An  Hyperbola  is  an  indefinite  Plane  Surface,  termina^ 
ted  by  a  Curved  Line,  call’d  the  Hyperbolic  Line,  and 
which  is  commonly  taken  for  an  Hyperbola  it  felf^  as 
ABC,  within  which  drawing  to  any  Diameter  BD,  as 
many  Ordinates  asyoupleafe,  as  EG,  HI,  and  producing 
the  fame  Diameter  outward  towards  E,  to  a  certain  di- 
Rance  BE,  cdlVà  DetertTjind  Viameter^  and  by 

the  Ancients,  a  Tranfverfe  Diameter  \  the  Square  of  the 
Ordinate  FG  is  to  the  correfpondent  Rectangle  under  the 
whole  Line  EG,  and  the  Part  BG,  as  the  Square  of  the 
Ordinate  HI,  is  to  the  correfpondent  Reétangle  under  the 
whole  Line  El,  and  the  Part  BI. 

The  Point  O,  in  the  middle  of  the  Determin’d  Diame¬ 
ter  DE,  is  call’d  xlm  Centre  of  the  Hyperbola^  becaufe  it  is 
to  this  Point  O,  that  all  the  infinite  Diameters  of  the  Hy¬ 
perbola  run,  when  they  are  produced  outwardly,  every 
one  of  which  has  its  determin’d  Diameter  ;  among  thole 
that  which  belongs  to  the  Axis  of  the  Hyperbola,  may  be 
call’d  the  determinate  Axis,  as  BE,  whereof  the  Extre¬ 
mity  B  is  the  Vertex  of  the  Hyperbola  ABCI,  and  the 
.  other  Extremity  E  is  the  Vertex  of  another  Hyperbola 
like  the  foregoing  ABC,  which  having  thé  fame  Line  BE 
for  its  determinate  Axis,  is  call’d  the  Oppojite  Hyperbola. 

XXXVIIL 

The  Afyfnptotes  of  an  hyperbola  are  two  indefinite  right 
Lines  drawn  from  the  Centre  of  the  Hyperbola,  towards 
which  they  always  approach  without  ever  meeting  it,  as 
OR,  OS,  of  which  the  Property  is  fuch,  that  if  to  one 
of  the  two  Afymptotes,  as  OS,  are  drawn  the  Parallels 
BN,  KP,  LQ,  MR,  terminated  by  the  other  Afymptot 
OR,  and  the  Hyperbola  ABC,  all  the  Redangles  ONB, 
OPK,  OQL',  ORM,  are  equal  one  to  another. 

• 

XXXIX* 

A  Cycloid  is  a  Curve  Line  made  hy  the  Motion  of  a 
Point  of  the  Circumference  of  a  Circle,  which,  being  per¬ 
pendicular  to  a  Plane,  turns  along  upon  a  Right  Line  of 
that  Plane.  As  if  along  the  right'Line  AC  deferib’d  upon 
a  Plane,  one  does  imagine  a  Circle  perpendicular  to  that 
Plane,  to  turn,  as  END,  fo  that  the  Point  B  of  its  Circum¬ 
ference  being  in  A,  comes  to  C,  in  which  cafe  the  right 

Lind 


( 
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Lînô  AC  will  be  equal  to  the  Circumference  of  that  Circle  VUte  L 
which  is  call’d  the  Generating  Circle  ;  this  Point  B  will  de-  lig.  2. 
fcribe  by  its  Motion  the  Curve  ABC,  call’d  a  Cycloid^  and 
alfb  a.  Roulette, 


XL. 


A  Spiral,  or  He.Uce,  is  a  curve  Line  made  by  the  Mo¬ 
tion  of  a  Point,  whkh  is  mov’d  equally  upon  a  right  Line, 
whilft  that  right  Line  is  alfo  mov’d  equally  upon  the  Cir¬ 
cumference  of  a  Circle  round  its  Centre,  whence  the  Spi¬ 
ral  has  its  beginning,  infomuch  that  when  the  Point  Hiall 
have  run  through  all  its  Line,  beginning  from  the  Centre 
of  the  Circle,  that  Line  will  have  alfo  compleated  the 
whole  Circumference  of  its  Circle^ 

As  if  the  Line  AB  indefinite  towards  B,  is  mov’d  about 
the  Centre  A  by  an  uniform  Motion,  by  com  pleating  in 
equal  times  equal  parts  of  the  Circumference  BCDE,  and 
that  a  Point  is  alfo  mov’d  from  A  towards  B,  by  an  uni¬ 
form  Motion,  fo  that  from  the  Radius  AB  in  runs  through 
Parts  like  to  thofe  which  that  Radius  AB  compleats  of  its 
Circumference,  in  which  cafe  that  Point  will  arrive  at  B, 
when  the  Radius  AB  fhall  have  compleated  its  whole  Cir¬ 
cumference  ;  that  fame  Point  willdefcribe  by  its  compound 
Motion  the  Spiral  A,  1,  2,  3,' 4,  5,  6,  7,  8,  9,  10,  i  i,  B, 
which  is  call’d  the  Firfl  Spiral^  to  dilfinguifli  it  from  the 
Second  Spiral,  which  you  will  have  by  imagining  the  pro¬ 
long’d  Line  AB  to  move  about  the  fame  Centre  A  through 
all  the  Points  of  the  Circumference  BCDE,  whilft  the 
Point  continues  to  move  in  the  flime  time  from  B,  by  an 
uniform  Motion,  and  like  to  that  of  the  Line  AB, 


Plate  II, 
Fig.  2. 


XLL 

The  Crown  is  a  Plane  terminated  by  two  Circumferences 
of  Circles  parallel  to  one  another,  that  is  to  fay,  by  the 
•Circumferences  of  two  Circles  defcribed  upon  a  Plane  from 
the  fame  Centre,  which  for  that  reafon  are  call’d  Concentric 
Circles.  As  if  from  the  Centre  A,  you  defcribe  the  two 
'Circumferences  of  a  Circle  BCDE,  FGHI,  thofe  two jç. 
Circumferences  will  enclofe  a  Space  which  is  call’d  a 
Crown. 

XLÎL  ' 

i 

A  Zone  is  a  part  ôf  the  furfaceof  a  Sphere,  terminated  ^5^ 
by  the  Circumferences  of  two  Circles  of  the  fame  Sphere, 

which 
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which  are  parallel  to  one  another,  that  is  to  fay,  which 
have  the  fame  two  Points  for  their  Poles,  which  are  two 
Points  of  the  Surface  of  the  Sphere,  diametrically  oppo-;-* 
fte,  and  equally  diftant  from  the  Circumfèrences  of  the 
Circles,  whereof  they  are  the  Poles,  As  if  from  the  two 
Poles  A,  B,  you  deicribe  upon  the  Surface  of  tke  Sphere 
ADBC,  the  two  parallel  Circles  CD,  EF,  they  will  en-, 
clofe  a  Space  call’d  a  Zo»e, 

XLIII, 

A  Sphere  is  a  folid  terminated  only  by  one  curved.  ,Sur>“ 
face,  call’d  a  Spherical  Superficies,  as  ADBC,  within  which 
there  is  a  Point  as  O,  call’d  the  Centre  of  the  Sphere,  from 
whence  all  right  Lines  drawn  to  the  Surface,  as  OC,  OG, 
CD,  call’d  Radij,  or  Semidiameters  of  the  Sphere,  are 
equal  to  one  another.  The  double  of  one  of  thofe  Radij, 
as  CD,  is  term’d  a  Diameter  of  the  Sphere,  which  is  alfo 
call’d  a  Globe. 

XLIV. 

A  Segtnent  of  the  Sphere,  call’d  alfo  a  SeBion  and  Portion 
of  the  Sphere,  is  one  of  two  unequal  Parts  of  a  Sphere  cut 
in  a  Plane  which  does  not  pafs  through  its  Centre,  others 
wife  in  dea  d  of  a  Portion  of  the  Sphere,  you  will  ha  ve  the 
half  of  a  Sphere,  y^hkh  is  term^  à  JSemifpFere, 

As  if  you  cut  the  Sphere  ADBC,  by  the  Plane  CG.* 
which  does  not  pafs  through  its  Centre  O,  you  will  have  the 
Segment  of  the  Sphere  CGH,  which  is  lefs  than  the  He- 
mifphere  CDB  :  And  the  Segment  of  the  Sphere  CGD  A, 
which  is  greater  than  the  Hemifphere  CD  A.  Becaufe  the 
Se(ftion  of  a  Sphere  and  of  a  Plane  is  a  Circle,  as  we  have 
demonftrated  in  our  Spherical  Trigonometry  X,  3.  cap,  i. 
Theor.  i,  it  is  eafy  to  judge  that  the  Bafe  of  an  Hemifphere 
is  a  great  Circle  of  the  Sphere,  to  wit,  a  Circle  whofe  Dia^ 
meter  is  equal  to  that  of  the  Sphere  ;  and  that  the  Bafe  of 
a  Sedion  of  the  Sphere  is  a  fma-ll  Circle  of  the  Sphere,  to 
wit,  a  Circle  whofe  Diameter,  as  -CG,  is  lefs  than  ,the 
Diameter  CD  of  the  fame  Sphere,  By  a  Circle  of  the  Sphere 
is  underftoood,  that  whofe  Circumference  is  found  in  the 
Surface  of  the  fame  Sphere,  that  is  the  Section  of^ the  cutr 
^ting  Plane  and  of  the  fur  face  of  the  Sphere,  that  Seftion 
being  necefiarily  the  Circumference  of  a  Circle,  w'hofe 
Plane  is  the  Section  of  the  cutting  Plane  and  of  the 
Sphere, 

f 
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Ths  Anÿe  of  a  Segment  of  the  Sphere  is  that  which  is  Plate  II, 
form’d  at  the  Centre  of  the  Sphere  hy  two  Radi)  drawn  Fpg,  i6. 
to  the  Extremities  of  one  of  the  Diameters  of  the  Bafe 
of  the  Segment  of  the  Sphere  lefs  than  a  Hemifphere. 

Thus  it  is  faid  that  the  Angle  of  the  Segment  of  the 
Sphere  CGH,  which  is  lefs  than  the  Hemifphere  CDB, 
is  COG. 

We  will  alfo  call  the  Angle  of  a  Segment  of  a  Circle,  plate  I, 
that  which  is  made  at  the  Centre  of  the  Circle  by  two  4, 
Radij  drawn  to  the  Extremities  of  the  Arc  of  a  Seg¬ 
ment  lefs  than  a  Semi'circle,  Thus  it  is  plain  that  the 
Angle  of  the  Segment  of  the  Circle  CBE,  which  is  lefs 
than  the  Semi-circle  ACEB,  is  COB,  which  is  likewife 
call’d  the  Angle  of  the  SeBor  of  a  Circle. 

But  that  is  call’d  an  Angle  in  the  Segment  of  a  Circle.^ 
which  has‘its  Angular  Point  in  the  Arc  of  that  Segment; 
and  whofe  two  Lines  pafs  through  the  Extremities  of  the 
fame  Arc,  or  of  the  Chord  of  that  Arc,  term’d  the  Bafe  of 
the  Segment.  Thus  it  is  evident  that  the  Angle  CEB 
is  in  the  Segment  of  the  Circle  BCE,  whofe  Bafe  is  the 
Chord  BC  of  the  Arc  BEC.  That  Angle  BEC  is  alfo 
term’d  the  Angle  at  the  Circumference,  becaufe  the  angu* 
lar  point  E  touches  the  Circumference  of  the  Circle. 

xLvr. 

i 

The  SeBor  of  a  Sphere  is  a  Solid  terminated  in  a  Point  pj 
at  the  Centre  of  the  Sphere,  and  having  for  its  Bafe  the 
Surface  of  a  Segment  of  the  Sphere:  as  COGH-  It  ^ 

evident  that  a  Scélor  of  the  Sphere  is  neceffarîly  lefs  than 
a  Hemifphacre,  as  the  foregoing  COGH,  or  elle  greater 
than  a  Hemifphere,  as  GOGDAC. 

xLvir. 

The  Angle  of  a  Senior  of  the  Sphere  is  the  fame  as  that 
which  belongs  to  the  Segment  of  the  Sphere  which  it 
comprehends.  Thus  it  is  plain  that  the  Angle  of  the 
Seflor  of  the  Sphere  COGH,  which  is  lefs  than  the  He¬ 
mifphere  CDB,  is  the  Angle  COG  ofjts  Segment  CGH. 
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XLVIII. 

(  A  Spheroid  is  a  Solid  generated  by  the  entire  Circum-t 
volution  of  a  Demi  Ellipfs,  about  one  of  its  two  Axes, 
which  in  this  cafe  is  called  the  Axis  of  the  Spheroid  ;  and 
when  that  Axis  is  equal  to  the  greater  Axis  of  the  Ellipfis, 
that  Solid  is  call’d  an  Oblong  Spheroid^  as  ABCD  ;  whofe 
Axis  is  BD  ;  And  an  Oblate  Spheroid,  when  that  Axis  is 
equal  to  the  leifer  Axis  of  the  Ellipfis,  that  is  to  fay,  when 
the  Circumvolution  is  made  about  the  leffer  Axis  of  the 
Ellipfis, 

The  Point  O,  in  the  middle  of  the  Axis  BD,  is 
call’d  the  Centre  of  tbe  Spheroid^  and  the  right  Line  AC, 
which  cuts  at  right  Angles  at  the  fame  Centre  O,  the 
Axis  DB,  is  called  the  Diameter  of  the  Spheroid^  to  di- 
ftinguifli  it  from  the  Axis.  Laftly,  they  call  thofe  Similar 
SpheroidsyWhoCe  Axes  are  proportional  to  their  Diameters  : 
And  a  Segment  of  a  Spheroid,one  of  the  two  unequal  Parts 
of  a  Spheroid,  which  is  cut  off  by  a  Plane  which  does  not 
pafs  thro*  its  Centre,  as  EFD,  or  EFB, 

XLIX. 

A  Paraboloid,  tevïïià  sàÇo  b.  Parabolic  Conoid,  is  a  Sôlid> 
which  is  produc’d  by  the  entire  Circumvolution  of  a 
Demi-Parabola  about  its  Axis,  which  for  thatreaibn  is 
call’d  the  Axis  of  the  Paraboloid, which  pafles  thro  the  Cen¬ 
tre  of  its  Bafe,  which'  is  a  Circle.  As  ACBE,  whole 
Axis  is  CD, which  palfes  through  the  Centre  D  of  its  Bafe 
AEBF,  which  is  a  Circle,  ^ybofe  Diameter  is  AB. 

If  inftead  of  a  Parabola,  you  make  an  Hyperbola  turn 
about  its  Axis,  the  Solid  which  will  be  produced  by  that 
Circumvolution,  wiWhe  c!L\V^a.n  F^perbolic  Conoid,  whofe 
Axis  will  be  the  fame  as  that  of  the  Hyperbola,  and 
whofe  Bafe  will  be  likewife  a  Circle. 

But  if  you  move  at  the  fame  time  about  the  fame 
Axis  of  the  Hyperbola  one  of  its.  two  Afymptots,  there 
will  be  produc’d  by  the  entire  Circumvolution  another 
greater  Solid,  which  we  lliall  call  AJympt otic  Cone, 
whofe  Bafe  will  be  in  like  manner  a  Circle,  whereof  the 
Vertex  will  be  at  the  Centre  of  the  Hyperbola. 

One  may  alfo  call  a  Spheroid  Elliptic  Conoid*,  becaufe 
a  Conoid,  generally  fpeaking,  is  a  Solid,  which  is  produ¬ 
ced  by  the  entire  Circumvolution  of  a  Conic-Seftion, 
that  is  to  fay,  of  the  Setflion  of  a  Cone  by  a'"  Plane,  about 
its  Axis  :  And  that  the  Ellipfis,  as  well  as  the  Parabola 

and 
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and  Hyperbola  are  Conic  Sèftibns.  See  the  Treatife  //. 

Conk  SskzonSy  which  we  formerly  publifli’d^  under  the  ivV,  22* 
Title  of  Lines  oj  the  Se'conà  Kind, 

As  the  Circle  is  likewife  a  Conic  Section,  and  that  the 
Sphere  is  produc’d  by  the  entire  Circumvolution  of  à 
Semi-circle  about  its  Diameter,  the  Sphere  may  be  alfo 
call’d  a  Circular  Conoid  :  and  all  the  Curv’d  Lines  that 
bound  thofe  four  Conic  Sections  may  be  call’d  Conic  Lines^ 
as  being  the  Sections  of  a  Plan  and  of  a  Conic  Superfciess, 
that  is  to  fay,  of  the  Surface  of  a  Cone*  '  •  ■  . 


L* 


The  Cone  is  a  Solid  ending  in  a  Point,  call’d  the  Vertex  of 
the  Coney  which  is  produc’d  by  the  entire  Circumvolution  of 
a  Triangle  about  one  of  its  Sides,  which  therefore  is  call’d 
the  Axk  <9/  the  Coney  which  paffes  through  the  Centre 
of  its  Bafe,  which  is  a  Circle.  As  if  about  the  immo*^ 
vable  Side  CD,  you  imagine  the  Triangle  CDB  to  be 
mov’d,  that  Triangle  will  defcribe  the  Cone  ACBE^ 
whofe  Axis  is  the  immoveable  Side  CD,  and  the  Side  BC^ 
which  is  call’d  the  Side  of  the  Coney  will  defcribe  the  Co-' 
nic  Superficies  ;  and  laftly,  the  other  Side  DB  will  de- 
fcribe  the  Circle  AEBF,  which  ferves  for  the  Bafe  of  the 
Cone,  and  whofe  Centre  is  the  immoveable  Point  D,  and 
the  Diameter  AB  double  the  Side  DB. 

When  the  Angle  D,  of  the  generating  Triangle  CDB 
is  right,  the  Solid  that  is  produc’d  by  its  Motion,  is 
call’d  a.-‘Right  Cone,  becaufe  its  Axis  is  Perpendicular  to 
its  Bafe  :  and  alfo  an  Jfofceles  Cone,  becaufe  all  its  Sides 
are  equal.  But  when  the  Angle  D  of  the  fame  Triangle 
CDB  is  oblique,  the  Solid  produc’d  by  its  Circumvolu¬ 
tion  is  call’d  an  Inclin'd  Cone,  becaufo  its/Axis  is  inclin’d 
to  its  Bafe  ;  and  alfo  a  Scalene  Cone,  becaufe  it  has  iiot 
all  its  Sides  equal. 

They  fay  that  two  Cones  are  alike  inclirM,  when  their 

Axes  make  equal  Angles  with  their  Bafes  ;  and  that  two 

Cones  are  Similar^  when  they  are  alike  inclin’d,  and 

that  their  Axes  are  proportional  to  the  Diameters  of  their 

Bafes.  '  ' 

•  * 


The  Krujium  of  a  Cone  is  a  Solid  generated  by  the' 
intire  Revolution  of  a  Trapezoid  upon  one  of  its  two 
Sides,  that  are  not  Parallel,  which  on  that  account  is 
call’d  the  Axe  oi  the  Fruflurn,  and  conneéfs  the  Centers 
of  the  two  oppofite  and  Parallel  Bafes,  that  are  two  un- 
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equal  Circles  defcrib'd  by  the  two  oppofîte  Parallel  and 
unequal  Sides  of  the  Generaûng  Trapezoid, 

Thus  if  you  conceive  the  Trapezoid  IKBC  to  revolve 
about  its  immovable  Side  IK,  its  oppofîte  Sides  IC,  KB 
being  parallel,  you  will  have  the  Fruftum  ABCD,  gene¬ 
rated,  whofe  Axe  is  the  immoveable  Side  IK,  and  the  two 
oppofîte  and  parallel  Bales  are  the  two  Circles  AEBF^ 
DGCH,  whofe  Centers  are  K,  I,  and  Diameters  AB, 
CD.  'Tis  evident,  that  the  two  Circles  are  defcrib’d  by 
the  motiori  of  the  two  oppofîte  and  parallel  Sides^  IC,  KB, 
and  that  the  other  moveable  Side  BC,  which  is  the  Side  of 
the  Fruflumy  defcribes  by  its  motion  the  Surface  of  the 
Fruflum. 

LII. 

A  Cylinder  is  a  Solid  generated  by  the  intire  Revolu¬ 
tion  of  a  Parallelogram  about  one  of  its  Sides,  which  on 
that  account  is  call’d  the  Axe  of  the  Cylindery  and  paffes 
thro’  the  Centers  of  the  two  oppofîte  and  parallel  Bales, 
which  are  two  equal  Circles  defcrib’d  by  the  two  other  op¬ 
pofîte  parallel  and  equal  Sides  of  the  generating  Parallelo- 
gram.  ^ 

Thus  if  you  conceive  the  Parallelogram  EFBC  to  re¬ 
volve  about  the  immovable  Side  EF  of  the  Parallelogram 
EFBC,  you  will  have  the  Cylinder  or  Column  ABCD, 
generated,  whofe  Axe  is  the  immoveable  Side  EF,  and 
its  oppofîte  and  parallel  Side  BC,  call’d  the  Side  of  the 
Cylindery  will  defcribe  a  Cylindric  Surface  ;  But  the  two 
other  oppofîte  equal  and  parallel  Sides  FB,  EC  will  de¬ 
fcribe  two  equal  Circles,  that  are  the  Safes  of  the  Cylindery 
and  have  for  their  Centers  the  two  Points  E,  F,  for  their 
Diameters  the  two  Lines  AB,  CD. 

When  the  Angle  E  of  the  generating  Parallelogram 
EFBC  is  a  right  one,  i.  e,  when  the  Parallelogram  is  a 
Rectangle,  the  Solid  defcrib’d  by  its  motion,  is  call’d  a 
Right  Cylindery  becaufc  its  Axe  is  Perpendicular  to  its  two 
Bafes  :  But  when  the  Angles  are  Oblique,  the  Solid  gene¬ 
rated  by  its  Revolution,  is  call’d  an  Oblique  Cylinder, 

T wo  Cylinders  are  fimilarly  inclin^dy  when  their  Axes 
make  equal  Angles  with  their  Bafes  :  And  two  Cylinders 
are  Similar  y  when  they  are  fimilarly  inclin’d,  and  their 
Axes  proportional  to  the  Diameters  of  their  Bafes. 


That 
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That  Cylinder  is  call’d  a  Cubic  one,  whofe  Height  Plats  2. 
equal  to  the  Diameter  of  the  Bafe.  '  Fig.  1 3 . 

LIII. 

An  Orb  is  a  Spherical  Body  bounded  by  two  Spherical  Fig,  19» 
Surfaces,  the  one  Concave,  and  the  other  Convex  :  As 
the  Body  bounded  by  the  two  Spherical  Surfaces,  BCDE, 
which  is  Convex,  and  FGHI,  which  is  Concave.  Where 
you  may  fee  that  the  Orb  is  what  remainsj  when  you  have 
taken  out  of  a  great  Sphere^  as  BCDE,  a  lefs  as  FGHI. 

Thefe  two  Spheres  have  the  fame  Center  A,  but  they  might 
have  been  Excentric.,  i*  e.  their  Centers  might  ;have 
been  different,  and  then  the  Orb  would  not  have  been  of 
an  equal  thicknefs  every  where. 

LIV. 

A  Solid.  Angle  is  an  indefinite  Space  botind-ed  by  more  Fig,  ii  .-» 
than  two  Planes  cutting  one  another  in  a  Point.  Thus  D, 
which  is  comprehended  by  three  triangular  Planes,  two 
of  which  may  be  feen  in  the  Figure,  vi^,  ADB,  BDC. 

The  Vertex  of  a- Cone  alfo  is  a  folid  Angle  compos’d,!  as  it 
were,  of  an  infinite  number  of  T riangular  Planes* 

LV. 

A  Pyramid  is  a  Body  terminating  in  a  Point,  and  con^ 
tain’d  under  four  Planes  at  leaff,  which  are  all  T riangu-* 
lar,  excepting  that  oppofite  to  the  Point  or  folid  Angle, 
and  is  call’d  the  JBafe  of  the  Pyramid,  ând  may  have  more 
than  three  Sides,  the  oppofite  folid  Angle  is  call’d  the  Ver¬ 
tex  of  the  Pyramid,  all  the  right  Lines  drawn  fVom  thence 
to  the  Bafe,  are  call’d  the  Sides  of  the  Pyramid,  which  is  re- 
prelented  by  the  Figure  ABCD,  whofe  Bafe  ABC  is  of 
four  Sides,  whofe  Vertex  is  the  folid  Angle  D,  and  whofe 
Sides  are  DA,  DB,  DC,  ^c, 

A  Pyramid  alfo  maybe  Right  or  Oblique,  ’Tis  a  right 
one,  if  its  Axe,  which  is  a  right  Line  drawn  from 
its  Vertex  through  the  Center  of  the  Bafe,  which  f 
I  fuppofe  Regular,  is  Perpendicular  to  the  Plane  of  the 
Bale  ;  ’tis  an  Oblique  one,  when  its  Axe  is  Oblique  to 
the  Plane  of  the  Bafe,  i,e,  when  in  regard  of  that  Plane  it 
^  inclines  more  to  one  Side  than  it  does  to  the  other.  When 
its  Bafe  is  a  Triangle,  ’tis  call’d  a  Triangular  Pyramid,  as 
ABCD,  and  is  a  Tetraëdrutti  when  its  four  Triangles  are. 
equilateral  and  equaU 
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The  Fruflum  of  a  Pyramid  is  what  remains  of  a  Py¬ 
ramid,  after  a  fmall  one  towards  the  Vertex,  has  been 
cut  off  by  a  Plane  Parallel  to  its  Bafe.  It  has  two  fmilar 
and  parallel  a^re<3ï  one,  the  fame  with  that  of  the 

whole  Pyramid,  and  a  fmall  one,  the  fame  with  that  of 
the  Pyramid  cut  off,  or  the  Section  of  the  cutting  Plane, 

I  and  of  the  whole  Pyramid. 

This  ///.  Thus  if  you  cpt  the  Pyramid  ABCO  with  the  Plane 
j/V.  24.  parallel  to  the  Bafe  ABCH,  it  takes  off  the  little 

Pyramid  FGDO,  and  leaves  the  Fruftum  ABCDEFG, 
whofe  great  Bafe  is  the  Plane  ABCH,  and  the  fmall  one 
the  Plane  DEFG,  parallel  to  the  former  ABCH. 

‘  LVII. 

A  Przfm  is  a  Solid  bounded  by  more  than  four  Planes? 
all  Parallelograms,  but  the  two  oppofte  ones  call’d  th® 
JBafes  of  the  Przfm,  which  may  be  of  any  other  Figure,  bat 
®  always  Hmilar,  parallel  and  equal.  If  they  are  Triangles,, 
the  Solid  is  call’d  a  Triangular  Prifm,  as  ABCDE,  if  Pa- 
Plate  IL  rallelograms,  then  3.  Pat^alleJopiped,  and  takes  the  Name  of 
I»,.  ^  Pe^angJed  Parallelopiped,  when  its  lix  containing  Planes 

piç.  21.  Rectangles,  as  ABÇDE  ;  which  w'e  further  call  a  Cube 

^  and  Hexaedrum,  if  its  hx  Planes  are  equal  Squares,  as  a 

Die. 

LVIH. 

A  Solid  Rhombus  is  a  Body  compofed  of  two  Right  Cones, 
Plate  III.  ^vhofe  Bales  are  equal  and  joyn’d  together,  confequently 
Pig.  25. 

whole  Axes  make  one  right  Line  ^  as  ABCD. 

LIX. 

Pig.  29.  A  Polyedrum  is  a  Solid  terminated  by  feveral  regular 
Rectilineal  Figures,  which  are  call’d  the  Face  of  the  Poly  'èJ 
drum,  and  an  Infcriptible  in  a  Sphere,  that  is  to  fay,  all  its 
folid  Angles  may  touch  the  Surface  of  a  circumferib’d 
Sphere,  whofe  CentreNonfequently  is  the  fame  with  the 
Sphere’s  :  As  ABCD,  lx)unded  by  fourteen  Faces,  namely, 
eight  equal  regular  Hexagons,  and  fix  equal  Squares. 

A  Polyedrum,  as  well  as  a  Polygon,  may  be  Regular  or 
'Irregular  ;  Irregular,  when  its  Faces  are  not  equal  and  fi- 
milar,  as  in  ABCD  5  Regular,  when  they  are  equal  and 

fimilar. 


Definition  s/  qî 

(îmilar^  and  confequently  thefr  folid  Angles  alfo  equah  Plats  JIL 
But  tho’  there  is  an  infinité»  number  of  Regular  Polygons, 
becaufe  the  Circumference  of  a  Circle  may  be  divided  into 
as  many  equal  Parts,  as  you  pleafe,  yet  no  more  than  the 
five  Regular  Bodies  are  taken  notice  ofj  the  Tetraë- 
drum,  mention’d  already  The  Cube  or  Hexaedrum,  alfo' 
fpoken  of.  The  OBaëdruw  which  is  terminated  by  eight 
Triangles,  equal  and  equilateral,  as  ABCDEF.  The  '  , 
Dodecacdrum  contain’d  under  twelve  regular  and  eqtiaK^* 
Pentagons^  ABCD  :•  And  the  Icofaëdrum^  comprehen- 
ded  under  twenty  equal  and  equilateral  Triangles,  as 
ABCDEF. 

LX. 

A  Meafure  is  a  continued  ^antitji  ufèà  to  me afur e  ar\0‘ 
ther  continued  Homogeneal  but  greater  Quantity,  i.  e. 
to  know  how  many  of  thefe  lefier  Meafures  a  greater  QLiai> 
tity  contains,  and  determine  the  Content,  which’  is  call’d 
the  Length,  when  a  Line  ;  the  u4rea,  when  a  Surface  ;  but 
the  Solidity^  when  a  Solid  is  meafur’d.' 

This  Meafure  is  always  a  right  Line,  when  it  expreiles 
the  Length  of  a  Line;  a  Reiftangle,  and  ordinarily  a  Square  y 
and  then  ’tis  fail’d  Square  Meafure,  w’hen  it  expredes  the 
Area  of  a  Superficies  :  But  a  iveftangled  Parallelopiped, 
which  is  ordinarily  a  Cube,  and  then  ’tis  call’d  Cubic 
Meafure,  if  it  reprefent  the  Solidity  of  a  Body. 

Meafures  are  different  in  different  Places  ;  But  among 
the  Mathematicians  the  ordinary  Meafure,  thatferves  as 
the  Foundation  of  all  the  refi,  is.  the  Foot. 

’Tis  call’d  the  Long  Foot,  when  confider’d  according  toits 
Length,  which  happens  when  ’tis  ufed  to  meafure  a  greater 
Line  :  Square  Foot,  when  confider’d  as  a:, Square,  each  of 
whofe  Sides  is  a  Foot  long,  and  is  us’d  for  meafuring  a 
greater  Superficies,  whofe  Area  is  exptefied  by  fmall 
Squares,  with  Sides  each  a  Foot  in  length.  The  Cubic  Foot, 
when  confider’d  as  a  Cube,  each  of  whofe  Sides. is  a  Foot 
long,  and  is  ufed  in  meafuring  a  bigger  Solid,  whofe  Soli^ 
dity  is  exprefled  by  fmall  Cubes,  eîfch  of  whofe  Sides  is  a 
Foot  long. 

After  the  fame  manner  an  Inch  Square,  is  a  Square  each 
of  whofe  Sides  is  an  Inch  Long,  which  is  the  12th  part  of 
a  Foot  long  :  A  Cubic  Inch  is  a  Cube  that  has  each  of  its 
Sides  an  Inch  long.  In  like  manner  a  Tard  fquare,  is  a 
Square  each  of  whofe  Sides  is  a  Tard  long,  or  three  Feet  ; 

And  a  Cubic  Tard,  is  a  Cube,  each  of  whofe  Sides  is  alfo  a 
yard  long»  Thus  a  Perch  fquare,  is  a  Square,  each  op 
-  C  2  whofe' 
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whofc  Sides  IS  a  Terch  long:  And  a  Cubic  Perchy  tho*  *tis 
not  in  ufe,  is  a  Cube,  each  of  whofe  Sides  is  a  Perch  long. 

Meafures  are  proportion’d  to  the  Magnitudes,  that  are 
to  be  meafur’d;  Thus  Workmen  ufe  fmall  Meafures,  as 
the  Foot,  Inch,  ^c.  in  meafuring  Board,  Glafs,  ^<7,  Ar- 
chite>fi:s,  the  Foot,  Yard,  ^^<7.  to  meafure  Building, 

Aftronomers  meafure  Diftances  in  the  Heavens,  as  the 
Diftance  of  a  Planet  from  the  Earth  by  Semidiameters  of 
the  Earth  ;  but  Diftances  on  the  Earth  by  Miles  and  dLeagueSy 
as  the  Diftance  of  one  City  from  another.  The  Leagues 
are  different  not  only  in  Length  but  in  Names,  which  are 
all  comprehended  under  the  general  Term  of  Itinerary 
Meafures  f  and  differ  in  Length  in  the  fame  Kingdom,  for 
there  are  Great  y  Mean,  and  Small  Ones,  The  Great  League 
,  of  France  is  ordinarily  3000  Geometric  Paces,  in  fome 
Places  3^00;  The  Small  League  of  Erance,  or  Common 
League  cf  France  is  2400;  The'  Small  League  (f  France 
2000,  the  double  of  an  Italian  Mile,  fo  call’d,  becaufe  it 
contains  1000  Geometric  Paces,  or  8  Stadia.  The  Stadi'^ 
um,  which  is  a  Meafure  peculiar  to  the  Greeks,  contains 
1 2 <5  Geometric  Paces  ;  or  625  Foot,  For  2i  Geometric  Pace 
is  5  Feet,  the  Common  but  2  Foot  and  half. 

A  Geometric  Pace  ufed  in  a  Pendulum,  i,  e,  a  Pendu¬ 
lum  Foot  long,  meafur’d  from  the  Center  of  Motion  to 
the  Center  of  the  Ball,  fufpended  by  the  Extremity  of  the 
Pendulum,  makes  12  <5  2  fingle  Vibrations  in  half  an  Hour, 
which  may  ferve  to  recover  the  Length  of  a  Geometric 
Pace,  if  it  ftiould  ever  be  loft,  or  alter’d  ;  for  Experience 
tells  us,  that  the  Squares  of  the  Number  of  Vibrations  of  two 
Pendulums,  are  in  equal  times  reciprocally  proportional  to  the 
Lengths  of  the  Pendulums,  namely  by  making  a  fécond 
Pendulum  of  a  known  length,  and  whofe  Spherical  Weight 
is  the  fame  with  that  of  the  firft  Pendulum,  and  reckoning 
the  number  of  the  ftngle  Vibrations  in  half  an  Hours  time. 
For  if  the  Number  is  equal  to  that  of  the  fingle  Vibrations 
of  the  firft  Pendulum,  its  Length  will  be  equal  to  that  of 
the  Firft,  i,e,  a  Geometric  Foot,  which  by  Confequence 
will  be  known  ;  or  you  may  find  this  Length  by  the  Means 
of  this  Proportion  following. 

As  the  Square  of  the  Number  of  Vibrations  of  the  frfl 
Pendulum, 

To  the  Square  of  the  Number  of  Vibrations  of  the  fécond 
Pendulum, 

,  So  the  Length  of  the  fécond  Pendulum  ; 

To  the  Length  of  thefrÜ  Pendulum, 

The  remaining  Terms  you  will  find  explain’d  when  they 
occurr,  or  in  the  Elements  op  Eucli de. 

The 


The  FIRST  PART, 


CONCERNING 

t. 

•  I  •  - 

G  E  O  D  E  S  I  E. 

GEODESIE  is  a  Part  of  Praéikal  Geometry, 
that  teaches  how  to  divide  Lands,  or  Fields,  that 
contain  Arable  Grounds,  Woods,  Çÿc.  betwixt  two 
or  more  Inheritors.  Hence  ’tis,  that  this  Part  is  call’d 
the  Dzvzfion  of  Lands^  and  we  /liall  divide  it  into  Three 
Chapters  ;  the  Firfl  Viewing  the  method  of  dividing  T  ri- 
angles  ;  the  Second^  Quadrilateral  Figures  ;  and  the  Lafil 
any  Piece  of  Ground  having  more  than  4  Sides,  i,  e.  the 
Method  of  dividing  Polygons. 


CHAP.  I. 


The  Divifion  of  Triangles, 

WE  begin  with  a  Triangle,  bccaufe  ’tis  the  firft  and 
mofffimple  Reftilineal  Figure,  and  the  only  one 
confider’d  in  Practice  :  And  tho’  all  the  Figures  of 
Lands  are  not  Reéiilineal,  yet  they  may  be  conceiv’d» 
as  Re<î^ilineal,  when  the  diflerence  is  but  fmall  :  Or  they 
may  be  reduc’d  to  Reftilineals,  by  dividing  the  Sides 
that  are  crooked  into  lb  many  parts,  as  that  they  may  pafsr 
for  right  Lines, 


PROBLEM  I. 


To  divide  a  Trianpe  into  as  many  Farts  as  you  nleafi 
by  right  Lines  drawn  from  a  given  Angle, 


TO  divide  the  Triangle  ABC,  for  inftance,  into  3 
equal  Parts,  by  right  Lines  drawn  from  the  given 
Ahgle  C,  divide  the  oppofte  Side  AB  into  3  eqiial  Parts 
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Tints  IV,  at  the  Points,  D,  E,  and  draw  from  the  given  Angle  A, 
Tig,  4.  thro’  the  Points  of  Divifion  D,  E,  the  right  Lines  CD, 
CE,  and  they  will  divide  the  Triangle  propos’d  ABC, 
into  *  5  parts -equally.  The  Denionliration  is  evident 
'from  38.  I. 

/  ;  r  S  C  H  O  L  I  D  M. 

If  inftead  of  dividing  the  Triangle  propos’d  ABC, 
into  3  equal  Parts, 'you  would  havfe  it  done  into  Parts  of 
.a  given  Ratio,  by  Lines  drawn  from  the  given  Angle  C, 
^tis  evident  by  i.  6.  no.^rnore  is  to  be  done,  but  to  di¬ 
vide  the  Oppofite  Side.  ÀB,^'  in|  the 'given  Ratio  by  the 
gth»  6th»  or  by  io.  6,  and  cèmpleat  the  reft  as  bejforci 


PRO  BiL  E  M  IL  -  r 

T  ■  '  ' 

f  '  4  •  •  ;  •  • 

*  ■  •  ^  ^  }  ■  : 

'To  divide  a  Triangle  into  as  many  equal  Farts  as  you 
pleafcj  by  right  Tines  drawn  from  a  given  r  Point  in 
one  Side,  ■-  -  r/  -  '  ' 

TO  divide  the  Tiiangle  ABC,  for  inftance,  into  3 
equal  Parts,  by„  right  Lines  drawn  from  the  given 
Point  D,  in  the  Side  AB  j  divide  the  Side  AB  into  3 
equal  Parts  at  the  Points  £  and  F,  and  having  joined 
the  right  Line  CD,  draw  to  it  thro’  the  Points  of  Di- 
vifion,  E,F,  the  Parallels  EG,  FH,  which  will  give  in 
the  Sides  AC,  BC,  the  Points  G,  H,  thro’  which  and 
the  given  Point  'D,  draw  the  right  Lines  DG,  DH, 
and  they  will  divide  the  Triangle  propos’d  into  3  equal 
Parts,  fo  that  each  of  the  2  Triangles  ADG^  BDH^ 
will  be  equal  to  the  third.  Part  of '  the  Triangle  J^C 
propos’d,  i,  e.' if  you  join  the:  right  Lines  CE,  CF,  the.- 
oTriangle  ADG  is  equal  to  the  Triangle  AEC,  which  is 
the  third  part  of  the  Triangle  propos’d  by  i.  6.  and 
in  like  m^'mner  the  Triangle  BDH  is  equal  to  .the  T r.i- 
angle  BFC,  .which  is  allb  a  third  Part  of  ABC. 


DEMONSTRATION. 

T  ■  t  T  "T  r  '■  "  ''' 

Becaufe  the  2  Lines  CD,  EG,  are  parallel  by  Co«- 
jiruction^  the  2  Triangles  GC£,  GDE,  having  the  famô 
Line  GE  for  their  Bale,  will  be  equal,  by  37,.  i.  confe- 
quently  if  from  each  you  take  away  the  common  Tri¬ 
angle  GîE,  there  will  remain  thé  Triangle  GIC,  equal 
to  the  T riangle  DIE  ;  and  if  to  each  of  the  2  equal  Tri¬ 
angle?  DIE,  GlC,  you  add  the  Trapezium  A  El G,  yo.u 
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will  have  the  Triangle  AG  D^equal  to  the  Triangle  ACE  *,  4, 

by  the  fame  Method  you  may  come  to  know  that  the  Tri'-  31, 

angle  BHD  is  equal  to  the  Triangle  BCE,  becaufe  EH 

and  CD  are  paralleh  E.  2?, 

Or  which  is  all  one,  becaufe  the  two  Lines  EG,  CD 

are  parallel  by  ConfiruBim,  the  two  T riangles  AGE,  AÇD, 

having  the  Angle  at  A  common,  will  be  Equiangular  by 

29. 1,  and  by  4»  Sides  AG,  AE,  AC,  AD 

will  be  proportional  ;  confequently  the  two  Triangles 

AGD,  ACE  will  be  equal  by  15.  6.  ^md  thus  alfo  you 

may  find  that  the  two  Triangles  BHD,  BCE  are  equal 

* 

SCHOLIUM. 

'  If  the  Point  D  given  be  in  the  middle  of  the  Side  AB',  Fja,  32^. 
in  which  cafe  the  Triangle  ABC  will  be  divided  into  two  •  L 
equal  Parts  by  the  right  Line  CD,  38.  i.  you  may  di¬ 
vide  the  Triangle  ABC  into  fix  equal  Parts,, by  dividing 
it  frft  into  three  equal  Parts,  as  before,  and  by  divi¬ 
ding  into  two  equal  Parts  each  of  the  two  Lines  AG,  BH, 
at  the  Points  L,  M,  that  you  may  draw  the  Lines  DL, 

DM*:,  Or  by  dividing  each  of  the  two  Sides  AC,  BC, 
into  three  equal  Parts  , at  the  Points  L,  G,  M,  H,  and 
'  joyning  the  right  Lines  DL,  DQ,  PH,  DM,  Ûc. 

PROBLEM  ÎIL 

Xo  divide  a  Triangle  into  the.e  equal  Parts  by  right  lines 
drar^n  from  the  thr;oe  Angles  of  the  Triangle  propos'd, 

TO  divide  the  Triangle  ABC  into  three  equal  Parts 
•by  three  right  Lines  drawn  from  the  Angles  A,  B, 

C;  haying  taken  in  one  of  the  Sides  of  the  Triangle,  as 
AB,  its  third  Part  AD,  draw  thro’  the  Point  D,  the 
Line  DE  parallel  to  the  adjacent  Sid-ç,  AC,  and  thvo’ 
the  Point  F,  the  middle  of  the  Line  DE,  draw  to  the 
three  Angles  A,  B,  C,  the  right  Lines  EA,  FB,  EC, 
and  they  will  divide  the  Triangle  propos’d,  ABC,  into 
three  equal  Triangles  AEB,  AFC,  BEC  ;  fo  that  each 
pf  them  will  be  a  third  Part  of  the  Triangle  ABC. 

DEMONSTRATION, 

Joyning  the  right  .Line  CD,  you  know  by  i ,  6.  that  the 
Tr'angle  ACD,  is  a  third  part  of  the  Triangle  ABC, 
bçcatife  the  Bafe  AB'is  triple  the  Bafe  AD, 7;^  ConfiruBm  ^ 

‘  and 
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and  confequendy  die  Triangle  AFQ  which  is  equal  tù> 
the  Triangle  ADC,  by  37,  i.  is  alfo  a  third  part  of  the  ; 
Triangle  ADC.  Confequ.ently  the  two  other  Triangles  1 
AEB,  BFC  taken  together  are  equal  to  of  the  fame  Tri- 
angle  ABC,  and  fo  each  is  a  third  part  of  the  Triangle  1 
ABC,  becaufe  they  are  equal  to  one  another,  the  two  Tri..  . 
angle  BFD,  BFE  being  equal,  by3S.  i.  and  alfo  AFD, 
CFE  being  equal.  Z>. 

PROBLEM  IV. 

To  divide  a  given  Triangle  into  three  equal  Parts^  hy  two  1 
right  Lines  parallel  to  two  Sides^  and  by  a  third  Line  drawn  I 
from  the  Angle  of  the  fame  Sides» 

TO  find  a  Point  within  a  Triangle  given  ABC,  from  ! 

whence  drawing  two  right  Lines  parallel  to  the  two  i 
Sides  AC,  BC,  and  a  third  Line  to  the  Angle  C,  the  ! 
Triangle  ABC,  fhall  be  divided  into  three  equal  Parts;  1 
having  drawn  from  that  Angle  C,  to  the  oppofite  Side  1 
AB,  the  Perpendicular  CG,  make  the  Angle  GCH  of  t 
thirty  Degrees  at  the  fame  Point  C,  with  the  Perpendi-  I 
cular  CG,  ( which  may  lie  done  Geometrically)  that  the  1 
Square  of  GH  might  be  equal  to  a  third  Part  of  the  1; 
Square  CG,  as  will  be  evident  to  any  one,  that  fhall  con-  i 
fider,  that  the  Angle  G  being  right,  and  the  Angle  GCH  ^ 
of  30  Degrees,  the  Angle  H  is  60  Degrees,  which  is  the  ^ 
Angle  of  an  Equilateral  Triangle,  whofe  Side  is  CH,  Per-  1 
pendicular  CG,  and  i  the  Bafe  is  GH.  Take  therefore  in  i 
the  Perpendicular  CG,  the  Line  GK  equal  to  the  Line  ! 
GH,  and  '  draw  thro’  the  Point  K,  to  the  Side  AB,  the' 
Parallel  LM,  whofe  middle  Point  D  is  the  Point  fought  ; 
fo  that  if  from  the  Point  D,  yon  draw  to  the  Angle  C,  the  | 
right  Line  CD,  and  to  the  two  Sides  AC,  BC,  the  Pa-^  1 
rallels  DE,  DF,  the  T riangle  propofed  tvill  be  found  di-  j 
vided  into  three  equal  Parts.  [ 

DEMONSTRATION.  1 

♦  ' 

i 

Becaufe.  the  Triangle  EDF  is  fimilar  to  the  Triangle  i 
ABC,  for  the  two  Sides  DE,  DF  are  parallel  to  AC,  ! 
BC,  by  Conflf  ublion.  And  the  Square  of  its  height  DI, 
or  GK,  or  GH,  is  the  third  part  of  the  Square  of  the  J 
height  GC,  of  the  Triangle  ABC,  ’tis  eafy  to  conclude  by  < 
Ï9.  6,  that  the  Triangle  EDF  is  allb  a  third  of  the  Tri-  \i 
angle  ABC.  From  whence  it  follows,  that  the  twoTra-  i 
pezoids  ACDE,  BCDF  are  togethêr  equal  to’|-  of  the 

Triangle 
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Triangle  ABC,  and  confequently  each  equal  to  a  third  of 
the  fame  Triangle  ABC,  becaufe  the  two  Trapezoids  are 
equal  to  one  another,  the  two  T riangles  CDL,  CDM  be¬ 
ing  equal, ‘by  38.  i.  and  the  two  Parallelograms  alfo 
AEDL,  BFDM,  by  36,  i.  V. 

SCHOLIUM. 

If  you  make  the  height  DI  of  the  Triangle  EDF  equal 
to  -1  the  height  CG  of  the  Triangle  ABC,  in  which  Cafe  c?*  35* 
the^  Line  AL  will  be  i-  the  fide  AC,  and  BM,  ^  the  fide 
BC,  the  Triangle  ABC  will  be  found  divided  into  four 
equal  Parts,  the  two  T riangles  EDP,  CLM,  and  the  two 
Parallelograms  AEDL,  BFDM,  and  if  you  draw  the  two 
Diagonals  AD,  BD,  and  the  right  Line  CDO,  the  Tri¬ 
angle  propos’d  ABC,  will  be*  found  divided  into  eight  • 
equal  Triangles, 

PROBLEM  V. 

To  divide  a  given  Triangle  into  three  equal  Parts,  by  trvo 
right  Lines,  the  one  parallel,  and  the  other  Perpefidicular 
to  the  fame  Side. 

TO  divide  the  Triangle  ABC  into’ three  equal  Parts  Fig.  36. 

by  two  right  Lines,  the  one  Parallel,  and  the  other 
Perpendicular  to  the  Side  AB  ;  draw  to  the  Side  AB, 
from  its  oppofite  Angle  C,  the  Perpendicular  CG,  and 
make  the  Angle  GCI,  of  thirty  Degrees,  at  the  Point  C, 
with  the  Perpendicular  CG,  as  in  the  preceeding  Pro¬ 
blem,  where  we  took  notice,  that  the  Square  of  the  Line  G I 
is  a  third  part  of  the  Square  of  the  Line  CG  :  Wherefore, 
if  upon  this  Line  CG ,  you  take  a  part  CL  equal  to  the 
Line  GI,  and  draw  a  Line  EF  thro’  the  Point  L  parallel  ’ 
to  the  Side  AB,  you  will  have  the  T riangle  CEF  equal  to 
a  third  part  of  the  T riangle  ACB  propofed,  to  which  it  is 
Similar,  as  we  alfo  kne\y  in  the  preceding  Problem. 

Laftly,  having  drawn  from  the  two  Points,  E,  F,  the  two. 

Lines  EH,  FKL  perpendicular  to  the  Side  AB,  take  in  the 
Side  AB,  the  Linr  AO  equal  to  a  quarter  of  the  Sum  of 
once  BK,  twice  HR,  thrice  AH,  and  ere<Ef  from  the  Point 
O,  upon  AB  the  Perpendicular  OD,  which  with  the  Line 
EF  parallel  to  AB,  will  divide  the  T riangle  ABC  into 
three  equal  Parts,  the  Triangle  CEF,  and  the  two  Tra¬ 
pezoids  AODE,  BODF, 

D  E- 
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DEMONSTRATION. 

We  know  already  that  the  Triangle  CEF  is,a  third  of 
the  Triangle  ABC,  f/om  whence  ’tis  eafie  to  conclude, 
that  the  Trapezoid  ABFE,  is  equal  to  4-  of  the  fame  T  rr 
angle  ABC,  and  fince  ’tis  divided  into  two  equal  parts  by 
the  Perpendicular  DO,  as  we  have  demonftrated  in  Prob. 
13.  Chap,  2.  it  follows,  that  the  two  equal  Trapezoids 
,  AODE,  BODF,  are  each  a  third  of  ABC  ;  confequently  .  j 
the  Triangle  ABC,  is  divided  into  three  equal  Parts  by 
the  Line  EF  parallel  to  the  Side  AB,  and  by  the  Line  DO 
Perpendicular  to  the  fame  Side  BED.,  Q^E,p, 

PROBLEM  Vr, 

To  divide  agtvenTriangle  into  three  equal  Parts ^  by  three 
right  Lines  drawn  from  a  Point  given  within  the  Triangle* 

TO  divide  the  Triangle  ABC  into  three  equal  Parts, 
by  three  right  Lines  drawn  from  the  Point  D  with-^ 
in  the  Triangle,  take  in  one  of  the  Sides,  as  AB,  its  third 
Part  AE,  and  having  joyn'd  the  right  Line  DE,  draw 
to  it  thro’  the  oppofite  Angle  C,  the  parallel  CF,  which 
muft  be  bifeiled  in  the  Point  G,  thro’  which  you  raufl: 
draw  the  Line  GH  parallel  to  the  Line  DB.  Laftly, 
draw  the  three  Lines  DC,  DF,  DH,  -and  they  will  dP_ 
vide  the  Triangle  ABC  into  three  equal  Parts,  the  Tri¬ 
angle  CDH,  and  the  two  Trapeziums  ACDF,  BFDH  ; 
fo  that  each  of  the  three  Planes  will  be  a  third  of  the  ^ 
Triangle  ABC. 

DEMONSTRATION.  '  •  ’ 

If  you  joyn  the  right  Line  CE,  you  may  confider,  that , 
fnce  the  Line  AE  is  a  third  part  oF  the  Line  AB  by  Con- 
flruclion\  the  Triangle  ACE  alfo  is  a  third  Part  of  the 
Triangle  ABC,  by  ' 1,6.  and  you  may  find,  as  in  Prob,  2, 

’  that,  the  T rapezium  ACDF  is  equal  to  the  T riangle  ACE, 
and  confequently  to  a  third  oFthe  T riangle  ABC.  Whence  . 
it  follows,  that  the  Trapeziuni  CDFB  is  equal  to  j  of  the 
fame  Triangle  ABC  ;  and  becaufe  it  is  divided  into  two  , 
equal  Parts  by  the  right  Line  DH,  as  we  foall  demonlfrate 
in  Prob,  ii.  Chap,  2.  it  follows,  that. its  .i  the  Triangle 
CDH,  or  Trapezium  BFDH  is  alfo  a  third  of  the  Tri-  , 
a*ngle  ABC.  ^E,  L>, 
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•  PROBLEM  .VII. 

To  divide  a  Triangle  into  nS  many  e<^ual  Parts  as  you  pleafey 
by  right  Lines  parallel  to  a  given  Side, 

TO  divide  theTnaiigle  ABC,  for  Example,  into  three  Plate. JV, 
equal  Parts,  by  right  Lines  parallel  to  the  Side  AB.  Fig,  38, 
Divide  any  one  of  the  Sides  AC,  BC,  for  inftance  BC, 
into  three  equal  Parts  at  the  Points  D,  E,  and  take  in  the 
Side  BC,  a 'part  CF,  a  mean  proportional  betwixt  the  Side 
BC  and  its  third  CE,  in  like  manner  CG  a  mean  pro- 
.portional  betwixt  the  fame  Side  BC  and  its  f  CD, 
draw  thro’  the  two  Points,  F,  G,  the  parallels  FH,  GI 
to  the  Side  AB,  wFich  will  divide  the  Triangle  propos’d 
ABC,  into  three  equal  Parts,' which  are  the  Triangle 
CHF,  the  two  Trapezoids  AIGB,  IHFG,  fo  that  each 
of  the  three  Planes will'  be  “  a  third  part  of  the  Triangle 
ABC. 

DEMONSTRATION. 

Becaufe  the  Triangles  HFC.  ABC,  are  equiangular 
AB,  BH  being  parallel- ^  they  will  be  to 

one  another,  as  the  Squares  of  their  Homologous  Sides 
CF,  BC,  by  19.  6.  and  becaufe  the  Square  CF  is  to  the 
Square  BC,  as  CE  is  to  its  Triple  BC,  byCoroh  20.  6. 'by 
reafon  ot  the  three  Proportionals  BC,  CF,  CE  by  Con-  * 

flrudiony  it  follows  that  the  Triangle  HFC  is  a  third  of 
the  Triangle  ABC,  and  you  may  demon ftrate  after  the 
fame  manner,  that  the  Triangle  IGC  is  equal  to  two 
thirds  of  the  fame  Triangle  ABC,  whence  ’tis  ealy  to 
conclude,  that  each  of  the  Trapezoids  IGFH,  ABGI,  is 
.'ofABw. 

^  PROBLEM  VIIL 


To  divide  a  Triangle  into  ai  many  equal  Parts  ai  you  pl^afe^  . 
by  right  Lines  perpendicular  to  a  Side  given^ 

TO  divide  the  Triangle  ABC,  for  Example,  into 
three  equa]  Parts,  by  Lines  perpendicular  to  the 
Side  BC.  Draw  to  that  Side  BC,  from  its  oppofte  Angle 
A,  the  Perpendicular  AD,  and  divide  any  one  of  its  two 
Segments  BD,  CD,  for  inftance  BD,  into  three  equal' 
parts,  at  the  Points  E,  F.  Take  in  the  fame  Side  BG, 
the  Part  BG  a  mean  proportional  betwixt  the  Side  BC 
and  a  third  Part,  BF,  of  the  Segment  BD,  and  the  Part 
BH,  a'  mean  Proportional  between  the  fame  Side  BC 
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and  ^  BE  of  the  Segment  BD,  and  draw  from  the  twO 
Points  G,  H,  upon  the  Side  BC,  the  Perpendiculars  GI, 
HK,  and  they  will  divide  the  Triangle  propofed  ABC, 
into  three  equal  Parts,  the  Triangle  BIG,  the  Trape¬ 
zoid  RÎGH,  and  the  Trapezium  AKHC  ;  fo  that  each  or 
thefe  threq  Planes  will  be  equal  to  a  third  of  ABC. 

demonstration. 

/ 

Becaufe  the  T riangles’ ABD,  IBG  are  equiangular,  by 
reafon  of  the  two  Parallels  AD,  IG  by  ConflruBioriy  the  Ra¬ 
tio  of  the  two  Lines  BD,  AD  will  be  equal  to  that  of  the 
PUte  4.  two  BG,  IG  by  4,  6.  Wherefore  if  you  give  the  com- 
39»  mon  height  BC,  to  the  two  firft-Terms  BD,  AD,  and  the 
common  height  BG,  to  the  two  laft  BG,  IG,  you  know  by 
I.  6.  that  the  Re<5tangle  under  BC,  BD  is  to  the  Reélanglè 
under  BC,  AD,  as  the  Square  BG,  or  the  Reftangle  un¬ 
der  BC,  BF,  that  is,  equal  to  it  by  17.  6.  by  reafon  of  the 
three  Proportionals  BC,  BG,  BF,  by  ConflfuBzon,  is  to 
the  Rectangle  under  BG,  IG  ;  and  as  the  firft  Antecedent 
of  that  Proportion,  namely,  the  Rectangle  under  BC,  BD 
is  triple  of  the  fécond  Antecedent,  e,  the  Redtangle  under 
BC,  BF,  by  I.  6.  becaufe  they  have  the  fame  height  BC, 
and  the  Bafe  of  the  firft,  BD,  is  triple  the  Bafe  of  the  fé¬ 
cond  BF,  by  Conftr,  the  firft  Confequent,  namely  the 
,  Reétangle  under  BC,  AD,  or  by  4,1.  i.  the  double  of  the 

Triangle  ABC,  will  be  alfo  triple  of  the  fécond  Confc- 
quent,  i,  e,  of  the  Re<5langle  BG,  IG,  or  the  double  of 
the  Triangle  BGI.  Whence  it  is  eafy  to  conclude,  that  the 
Triangle  bGI,  is  a  third  of  the  Triangle  ABC  ;  and  after 
the  fame  manner  you  may  fnd  that  the  T riangle  BHK  is 
equal  to  two  thirds  of  the  fame  Triangle  ABC,  and  con- 
fequently  that  each  of  the  two  Trapeziums  KIGH, 
AKHC,  is  a  third  of  the  Triangle  ABC.  E,  D. 

SCHOLIUM. 

• 

You  may  divide  after  the  fame  manner  the  Triangle 
ABC  into  equal  Parts,  by  right  Lines,  making  a  given 
Angle  with  one  Side  ;  as  if  the  Side  be  BC,  one  may  make 
at  the  Point  A,  the  Angle  BAD  equal  to  the  given  One, 
and  having  found  as  before  the  two  Points  G,  H,  one  may 
draw  thro’  thofe  two  Points  G,  H,  the  right  Lines  GI, 
HK.^  parallel  to  the  Line  AD,  Ô’c. 

PRO- 
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PROBLEM  IX. 

To  cut  off  from  a  Triangk^  another  equal  to  a  given  Onç^^ 

TO  take  from  the  Triangle  ABC,  a  Triangle  towards 
B,  that  fliall  be  equal  to  a  given  Triangle  BDE, 
make  at  the  Point  D  the  Angle  BDF  equal  to  the  Angle  "Plate  4* 
ABC,  by  the  Line,  to  be  terminated  in  F,  by  the  right  Pig^  40, 
Line  EF,  parallel  to  the  Side  BD,  and  take  in  the  Side 
BC,  the  Part  BG  equal  to  the  Line  BF,  and  in  the  Side 
AB,  the  Part  BH  equal  to  the  Line  BD,  joyn  the  right 
LineGH,  which  will  cut  off  the  Triangle  BGH  equal  to 
the  given  one  BDE. 

demonstration. 

Becaufe  the  two  Sides  BD,  DF  of  the  Triangle  BFD 
are  equal  to  the  two  Sides  BH,  BG  of  the  Triangle  BGH, 
and  the  contain’d  Angle  BDF  equal  to  the  contain’d 
Angle  HBC,  by  Çonflr»  it  follows^  4.  i.  that  the  Tri¬ 
angle  BGH  is  equal  to  the  Triangle  BFD,  and  confe- . 
quently  to  the  Triangle  BED,  becaufe  by  the  37.  i.  thefe 
two  Triangles  BFD,  BED  are  equal,  by  reafon  of  the  two 
Parallels  EF,  BD.  ^  E,  D. 

SCHOLIUM. 

This  Problem  may  be  refolved  others  ife,  for  you  may 
find  within  the  Triangle  propofed  ABC,  a  Triangle  dif^ 
fercnt  from  BGH,  yet  equal  to  the  given  one  BED  ;  by 
drawing  thro’  the  Point  H,  the  right  Line  HI,  parallel 
to  the  Line  AG,  and  joyning  the  right  Line  AT,  which 
will  cut  off  the  Triangle  AIB,  equal  to  the  Triangle  BGH, 
and  confequently  to  the  given  one  BED. 

DEMONSTRATION. 

• 

Becaufe  the  two  Lines  AG,  Hi  are  parallel  by  Confira  , 
the  two  Triangles  GIA,  GHA  will  be  equal  by  37. 
wherefore  if  from  each  you  takeaway  the  common  Tri¬ 
angle  AKG,  there  will  remain  the  two  equal  Triangles 
AKH,  GRI,  which  being  added  to  the  Trapezium 
birh,  you  may  fee  that  the  Triangle  ABI  is  equal  to 
the  Triangle  BGH.  ^  E.  V. 

Or  having  1er  fall  from  the  Vertices  C,  E,  upon  the 
Bafes  AB,  BD,  the  Perpendiculars  CG,  EF,  find  a  fourth 
proportional  BH  to  the  three  Lines  CG,  EF,  BD,  and 

joyn 


§2  A  Treatife  G  e  0  M  i  T  R  v.  ■ 

TJau  V,  joyn  the  right  Line  CH,  which  will  cut  off  the  Triangle 
41.  CHB  equal  to  the  given  one  BDE. 

.  ■*  ' 

DEMONSTRATION. 

•; 

« 

Becaufe  the  four  Lines  CG,  EF,  BD,  BH  are  propor¬ 
tional  ^  Conftr,  the  Re(5langle  of  the  Extremes  CG,  BH, 
will  be  equal,  by  i6.  i,  to  the  Re<5langle  of  the  Means 
EF,  BD  :  Wherefore  the  halves  of  thefe  two  Rerirangles 
will  be  equal,  that  is,  ^41.1.  the  Triangles  CHB,  BDE. 

Or  take  in  the  Perpendicular  CG,  the  Part  Gl  equal 
to  the  perpendicular  EF,  and  draw  thro’  the  Point  I  the 
right  Line  IK  parallel  to  the  Side  AB,  in  which  take  the 
Part  BL,  equal  to  the  Bafe  BD,  and  joyn  the  right.  Line 
KL,  and  it  will  cut  oif  the  Triangle  LRB  equal  to  the 
given  one  BDE,  becaufe  the  two  Triangles  have  equal 
Bales  and  Heights 

Or  having  found  the  Line  BH  proportional  to  the  three 
42»  Lines  CG,  EF,  BD,  and  the  Line  CL  being  at  difcreti- 
»  on,  draw  thro*  the  Point  H,  the  Parallel  HK,  to  that  Line 
CL,  and  joyn  the  right  Line  RL,  and  it  will  cut  off  the 
Triangle  LKB,  equal  to  BCH,  confequently  to  the  given 
one  BDE. 

DEMONSTRATION.  ' 


Becaufe  the  two  Lines  CL,  RH  are  parallel  by  Conflr, 
the  two  Triangles^CRL,  CHL  will  be  equal,  by  58.  i. 
Wherefore  if  from  each  you  take  the  Triangle  CIL, 
there  will  remain  the  two  equal  Triangles  CIR,  HIL, 
which  being  added  feparately  to  the  Trapezium  BHIR, 
you  will  find  the  Triangle  BRL -is  equal  to  the  Triangle 
ECH,  which  is  equal  to  the  given  one  BDE.  ^  E,  D, 
This  Problem  may  a-lfo  be  refolved  feveral  other  ways  ;• 
for  one  might  make  the  Side  RL  perpendicular  to  the  Side 
RB,  by  the  help  of  the  Triangle  BCH,  equal  to  the  given 
one  BDE,  as  has  been  taught  in  ProbL^.  or  parallel  to 
the  Side  AC,  as  has  been  Ihewn  in  Prebh  7.  and  I  fhall 
iarther  lliew  another  way  in 

PROBLEM  X. 

To  eut  ofj  jrom  a  given  Triangle  another  equal  to  a  given 
one^  by  a  right  Line  parallel  to  a  given  Side. 


Fig.  43. 


TO  cut  off  from  the  Triangle  ABC,  a  Triangle  equal 
to  a  given  one  BDE,  by  a  Line  parallel  to  a  Side 

AB. 
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AB.  Find  a  mean  proportional  HI,  between  the  Side 
AB  a*nd  .its  perpendicular  CG,  in  like  manner  a  mean 
proportional  KL  between  the  Side  BD  and  its  perpendi¬ 
cular  EF,  and  a  fourth  proportional  CM  to  the  three  Lines 
HI,  RL,  AC,  to  find  the  Point  M,  thro’  which  draw 
MN  parallel  to  the  Side  AB,  and  that  ihall  cut  off  the 
Triangle  CMN  equal  to  the  given  One  BDE. 

DEMONSTRATION* 

Becaufe  the  four  Lines  HI,  KL,  AC,  CM,  are  pro¬ 
portional  hy  Confin  their  Squares  will  be  alfo  proportional 
by  22.  6.  Wherefore  if  you  fubftitute  in  the  place  of  the 
Square  HI,  the  Rectangle  under  AB,  CG  equal  to  it»  by 
17.  6.  by  reafon  of  the  three  Proportionals  AB,  HI,  CG 
by  Confir,  and  in  the  place  of  the  Square  KL  the  Rect¬ 
angle  under  BD,  EF,  which  is  allb  equal  to  it,  by  realign 
of  the  three  Proportionals  BD,  KL,  EF,  and  laftly  in  the 
room  of  the  two  other  Squares  AC,  CM,  fubftitute  the 
limîîar  Triangles  ABC,  MNC,  that  are  in  the  fame  Ra¬ 
tio  by  19.  6.  and  you  will  find,  that  the  ReCtangle  of  AB, 
CG,  or,  ^41.1.  the  double  of  the  Triangle  ABC,  is  to 
the  Rectangle  of  BD,  EF,  or  the  double  of  the  Triangle 
BDE,  as  the  Triangle  ABC  is  to  the  Triangle  CMN* 
Whence  ’tis  eafy  to  conclude,  that  the  Triangle  CMN  is 
equal  to  the  T riangle  BDE. 

SCHOLIUM. 

The  Solution  of  this  Problem  may  be  abridg’d,  by  paf- 
fing  over  the  two  mean  Proportionals  HI,  KL,  as  you 
ihall  fee.  Having  let  fall  from  the  Angle  B,  upon  the  op- 
pofite  Side  AC,  the  Perpendicular  BP,  find  a  fourth  Pro¬ 
portional  CO,  to  the  three  Lines  BP,  BD,  EF,  and  a 
mean  Proportional  CM  between  the  Lines  AC,  CO, 
and  draw,  as  above,  thro’  the  Point  M,  the  Parallel  MN,, 
to  the  Side  AB,  and  that  will  cut  off  the  Triangle  CMN 
equal  to  the  given  one  BDE. 

< 

DEMONSTRATION. 

By  joining  the  right  Line  BO,  you  know  as  in  the  pro¬ 
ceeding  Problem,  that  the  T rianglo  BOC  is  equal  to  the 
given  One  BDE,,  and  becaufe  the  finiilar  Triangles  ABC, 
MNC  are  to  one  another,  as  the  Squares  of  their  Homo¬ 
logous  Sides  AC,  CM  by  19,  6.  or  as  the  Lines  AC^  CO 
by  Corolla  20*  6.  by  reafon  of  the  three  Proportionals  AC, 

D  CM, 
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CM,  CO,  by  Conflr»  or  as  the  Triangle  ABC,  is  to  the 
Triangle  BOC,  by  i.  6.  it  follows  that  the  Triangle 
MNC  is  equal  to  the  Triangle  BOC,  confequently  to 
the  Triangle  BDE. 

I  .  .  '  P  R  O  B  L  E  M  XL 

Tq  divide  an  Jfofceks  Triangle  into  four  equal  Parts,  by  two 
right  Lines  perpendicular  to  each  other, 

TO  divide  the  Triangle  ABC,  whofe  two  Sides  AC, 
BC,  are  equal,  into  four  equal  Parts,  by  two  right 
44.  Lines  cutting  one  another  at  right  Angles.  Divide,  firft 
of  all,  the  Bafe  AB,  into  two  equal  Parts,  in  the  Point  D, 
and  draw  the  right  Line  CD,  which  will  divide  the  Tri¬ 
angle  ABC  into  two  equal  Reétangled  Triangles  CD  A, 
CDB,  After  that  defcribe  from  the  Point  D,  thro’  the 
Point  C,  a  quarter  of  a  Circle  CRE,  and  join  the  Cord 
CE,  which  Bife<51:  at  the  Point  F,  thro*  which  defcribe 
from  the  Point  C,  the  Arc  FG,  which  will  give  in  the 
.  Perpendicular  CD,  the  Point  G,  thro’  which  draw  HI 
parallel  to  the  Bafe  AB,  and  that  together  with  its  Per¬ 
pendicular  CD,  will  divide  the  Triangle  propos’d  ABC, 
into  four  equal  Parts,  two  right-angled  Triangles  CGH, 
CGI,  and  the  two  Trapezoids  ADGH,  BDGL 

DEMONSTRATION. 

,  Becaufe  the  two  Sides  CD,  DE  of  the  Rciilangled  Tri¬ 
angle  CDE,  are  equal  by  Conftr,  the  Square  CE,  being 
•  '  equal  to  the  two  equal  Squares  CD,  DE,  by  47.  i.  is 

double  of  the  Square  CD  •  and  becaufe  CF  is  half  CE 
by  Conflr,  one  may  know  that  the  Square  of  CE  is  Qiia- 
druplethe  Square  CF  or  CG  by  10.6.  and  double  the 
Square  of  CD  is  double  the  Square  CG  ;  wherefore  by 
19.  6.  The  Triangle  of  DC  will  be  alfo  double  the  fimi-  i 
lar  Triangle  HGC:  Andin  like  manner  the  Triangle  j 
CDE  will  be  double  the  Triangle  CGI.  Whence  ’tis  1 
eafy  to  conclude,  that  the  two  Right-angled  Triangles 
CGH,  CGI,  and  the  two  Trapezoids  ADGH,  BDGI, 
are  equal  and  lb  the  Triangle  propos’d  ABC  is  found  di¬ 
vided  into  four  equal  Parts  by  the  two  Perpendiculars 
CD,  HL  ^  E.  i?. 


PRO- 
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PROBLEM  Xir. 

') 

To  find  a  Point  in  a  given  Side  of  a  TrianglCy  from  whence 
the  Triangle  may  be  divided  into  as  many  equal  Parts  a/s 
you  pleafe, 

find  in  the  Side  AG  of  the  Triangle  ABC/a  Point,  Plate 
A  from  whence  you  may  divide  the  Triangle  ABC  in-  Fig,  45* 
to  four  equal  Parts  :  Take  the  Line  AD  equal  to  a  fourth 
Part  of  the  Side  AC,  and  the  Point  D3  will  be  the  ^ 

Point  fought  :  For  join  the  right  Line-  BD,  and  the 
Triangle  ADC  will  be  a  quarter  of  the  Triangle  ABC, 
by  1.6.  Wherefore  the  Triangle  BDC  will  be  equal  to 
three  fourths  of  the  fame  Triangle  ABC.  Then  you 
have  no  more  to  do,  but  to  divide  the  Triangle  BDC 
into  three  equal  Parts  by  Probh  i.  namely,  by  dividing 
the  Side  BC  into  three  equal  Parts,  at  the  Points  E,  F, 
and  joining  the  right  Lines  DE,  DF,  and.  the  Triangle 
propos’d  will  be  found  divided  into  four  equal  Parts  by 
the  three  Lines  DB,  DE,  DF. 

SCHOLIUM. 

If  you  would  have  the  Point  y^ou  inquire  after,  with-  Fig,  46* 
in  the  Triangle  ABC  j  having  taken  as  before,  the  Line 
AD  equal  to  a  fourth  Part  of  the  Side  AC,  and  in  like 
manner  the  Line  AE,  equal  to  a  fourth  part  of  the  Side 
AB,  becaule  ’tis  propos’d  to  divide  the  Triangle  ABC 
into  four  equal  Parts,  draw  DF,  EG  thro’  the  Points 
D,  E  parallel  to  the  two  Sides  AB,  AC,  whofe  Point  of  » 
Seélrion  H  will  be  the  Point  fought  :  So  that  if  you  join 
the  right  Lines  HA,  HB,  HC,  each  of  the  two  Tri¬ 
angles  AHB,  AHC,  will  be  a  fourth  of  ABC  propos’d, 
and  confequently  the  Triangle  BHC  will  be  half,  fo  that 
only  divide.it  into  two  equal  Parts,  by  the  right  Line 
HI,  that  bifedfs  the  Side  BC  in  I,  and  the  Problem  is 
folved.  . 


-CHAPTER  IL 

Tbe  Divifion  of  Quadrilaterals, 


OUadrilaterals  may  be  eafily  divided  by  one  that 
underftands  the  Divifion  of  Triangles,  tho’  the 
Uivifion  of  Triangles  depends  in  feveral  Cafes  upon  the 

D  3  Divi"' 
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Divifîon  of  Quadrilaterals,  and  principally  of  Trapezoids, 
at  leaft  when  you  would  divide  a  Triangle  into  more  than 
two  equal  Parts,  as  you  may  obferve  in  feveral  Problems 
of  the  preceding  Chapter» 

PROBLEM!. 

Tq  divide  a  Parallelogram  ini  a  as  many  ei^ual  Pans  asyou 
pleafe,  by  Lines  parallel  to  a  given  Side, 

Plate  V,  divide  the  Parallelogram  ABCD,  for  E:s^ample, 

47*  three  equal  Parts,  by  Lines  parallel  to  a  given 

Side  AD ,  draw  the  Parallels  EG,  EH,  thro’  the 
Points  E,  F,  and  they  will  divide  the  Parallelogram  pro¬ 
pos’d  ABCD  into  three  equal  Parallelograms,  as  is  evi¬ 
dent  by  36.  i*  ^  ' 

/  .  i  ■  - 

P  R  O  B  L  E  M  H. 

To  divide  the  Parallelogram  into  four  equal  Parts  by  two 
right  Lines  parallel  to  two  Sides, 

Fig.  48,  f  I  divide  the  Parallelogram  ABCD  into  four  equal 
JL  Parts  by  two  right  Lines  parallel  to  the  two  Sides 
AB,  AD.  Bifeél  the  two  oppofite  Sides  AD,  BC,  in 
the  Points  E,  F,  which  join  by  the  right  Line  EF  ;  in 
like  manner  bife<qr  the  two  oppolite  Sides  AB,  CD,  in  the 
Points  G,  H,  which  join  by  the  right  Line  GH,  and 
that  with  the  preceding  will  divide  the  Parallelogram  pro- 
pofed  ABCD,  into  four  equal  Parallelograms.  The  De- 
♦  monftration  is  too  evident  to  be  enlarged  upon. 

S  C  H  O  L  I  Ü  M. 

Fig,  49*  You  may  eafily  divide  the  Parallelogram  ABCD,  in¬ 
to  four  equal  Parts^  that  ihall  be  four  Ifofceles  Triangles 
by  the  two  Diagonals  AC,  BD  that  divide  them  into 
four  equal  Triangles,  as  you  may  fee,  by  drawing  thro* 
the.  Center  I,  the  Lines  EF,  GH  parallel  to  the  two  Sides 
AB,  AD.  Where  ’tis  evident,  they  divide  the  Parai - 
logram  propofed  HBCD,  into  four  little  equal  Parallelo¬ 
grams,  and  that  each  of  thefe  Parallelograms  is  divided 
into  two  equal  Parts  by  the  Diagonals  by  34.  i.  You 
fee  alfo,  that  by  this  Method  the  Parallelogram  propofed 
ABCD  is  divided  into  eight  equal  Parts,  that  are  eight 
equal  Triangles  having  their  common  Vertex  in  the  Cen¬ 
ter  I.  Which  makes  it  clear,  that  from  the  Center  I,  you 

may 
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ma^y  divide  a  Parallelogram  in  to  any  evenly  even  Number 
of  equal  parts.  By  an  evznly  even  Number,  I  mean  fueh  . 
an  one,  as  can  be  divided  exactly  by  4. 

PROBLEM  III. 

f 

Tb  divide  a  Parallelogram  into  any  even  Number  of  equal 
Parts,  by  right  Lines  drawn  from  a  given  Angle. 

TO  divide  the  Parallelogram  ABCD,  for  inftance,  ^ 
into  fix  equal  Parts,  by  right  Lines  drawn  from  * 

the  Angle  C.  Draw  thro*  that  Angle  C,  the  Diagonal 
AC,  which  by  31.  4.  will  divide  the  Parallelogram 
ABCD,  into  two  equal  Triangles  ACB,  ACD  ;  Then 
you  have  no  more  to  do,  but  to  divide  by  Probl,  i.  Chap,  i, 
each  of  the  two  equal  T riangles  into  three  equal  Parts,  by 
dividing  the  Sides  AB,  AD  each  into  three  equal  Parts, 
at  the  Points  E,  F,  G,  H,  and  joining  the  righ|  Lines 
DE,  DF,  DQ,  DH,  which  folves  the  Problem, 

4 

SCHOLIUM. 

’Tis  evident,  that  if  you  leave  out  the  Diagonal  AG, 
and  the  two  Lines  CF,  CH,  the  Parallelogram  ABCP 
will  be  found  divided  into  three  equal  Parts,  by  the  two 
Lines  CE,  CG,  that  divide  the  given  Angle  C.  But 
you  may  do  it  alfo,  from  any  other  Point  given  in  one 
Side,  as  may  be  feen  in  the  following  Problem. 

4 

PROBLEM  IV. 

To  divide  a  Parallelogram  into  three  equal  Parts,  by  two 
right  Lines  drawn  from  a  given  Point  in  a  Side. 

TO  divide  the  Parallelogram  ABCD,  into  three  equal  5 
Parts,  by  two  right  Lines  drawn  from  the  Point  E 
given  in  the  Side  AB.  Divide  the  Side  AB,  into  three 
equal  Parts,  at  the  Points  F,  G,  thro’  which  draw  FFÎ, 

GI  parallel  to  the  other  Side  AD,  which  bifeét  in  the 
Points  K,  L,  and  thro’  them  draw  from  the  given  Point 
E,  the  right  Lines  EM,  EN,  and  they  will  divide  the 
Parallelogram  ABCD  into  three  equal  Parts,  the  Tri^î 
angle  MEN,  and  the  two  Trapezoids  AEMD,  BENC,  . 
lb  that  each  of  thefe  three  Planes  lhall  be  equal  a  third 
Part  of  the  Parallelogram  propos’d,  ABCP» 


$8 
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Flate  V, 
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DEMONSTRATION.  ^ 

Becaufe  the  two  Triangles  EFK,  MHK  are  cquian» 
gular,  and  have  one  Side  equal  to  another  fimilarly  pofited, 
namely,  the  Side  KF  equal  to  the  Side  KH,  by  Conflr. 
thefe  two  Triangles  will  be  alfo  equal,  by  26.1.  Where¬ 
fore  if  you  add  feparately  the  I^entagon  AFKMD,  you. 
will  find  that  the  Trapezoid  AEMD  is  equal  to  the  Pa¬ 
rallelogram  AFHD,  i.  e,  by  i.  6.  to  a  third  of  the  Pa¬ 
rallelogram  ABCD  ;  you  may  demonftrat^  the  fame  way, 
that  the  Trapezoid  BENC  is  equal  to  the  Parallelogram 
BCIG,  on  to  a  third  of  the  Parallelogram  ABCD  ; 
whence  ’tis  eafy  to  conclude,  that  the  Triangle  MEN  is 
alfo  equal  to  a  third  of  the  fame  Parallelogram,  ^  E,  V, 

SCHOLIUM. 

^Tis  evident,  that  when  the  Line  BE  is  a  third  part 
of  the  Side  AB,  ’tis  only  drawing  the  Line  EF,  parallel 
to  the  Side  BC,  and  you  will  have  the  Parallelogram 
EBCF,  equal  to  a  third  of  the  propos’d  one  ABCD, 
by  I.  6.  whence  it  follows,  that  the  Parallelogram  AEFD 
is  two  thirds  of  it,  wherefore  if  you  draw  the  Diagonal 
ED,  which  by  34.  i.  will  divide  it  into  two  equal  Parts^ 
the  Parallelogram  propos  d  ABCD  will  be  found  divided 
into  three  equal  Parts,  by  the  two  Line  EF,  ED. 

’Tis  evident  alfo,  that  when  the  given  Point  is  prccifely 
in  the  middle  of  the  Side  AB,  you  may  eafily  divide  the 
Parallelogram  propos’d  ABCD,  into  four  equal  Parts, 
by  drawing  as  before,  EF  parallel  to  the  Side  AD,  or 
BC,  to  obtain  the  two  equal  Parallelograms  AEFD, 
EBCF,  which  you  may  divide  into  equal  Parts  by  the 
Diagonals  ED,  EC, 

PROBLEM  V. 

To  divide  a  Farallelogram  into  four  equal  FartSy  by  right 
Lines  drawn  from  a  Foint  within  a  FairaUelogram, 

TO  divide  the  Parallelogram  ABCD,  into  four  equal 
Parts,  by  drawing  right  Lines  from  a  Point,  which 
.  we  fliall  find  in  the  Diagonal  BD.  BifeA  the  Side  AD  in 
E,  and  find  a  mean  proportional  AF,  between  the  Side 
.AD,  and  its  half  DE,  to  draw  from  the  Point  F,  a  pa¬ 
rallel  FGH,  to  the  Side  DB,  which  will  give  in  the 
Hiagonal,  the  Point  G,  from  whence  drawing  GI,  parallel 

'  .  to 
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to  the  Side  AD,  the  Parallelogram  ABCD  will  be  found  FJate  V, 
divided  into  four  equal  Parts,^  the  Triangles  BIG,  BHG,  Fig,  65. 
and  the  two  Trapezoids* A IGD,  DGHC  ^  fo  that  each 
of  thefe  four  Planes  will  be  a  quarter  of  the  Parallelo¬ 
gram  ABCD. 

ftÿ,  . 

DEMONSTRATION. 

t 

Becaufe  by  Confi,  the  three  Lines  AE,  AF,  AD,  are 
proportional,  the  Square  of  the  mean  AF,  or  GI,  its 
equal,  will  be,^^  17.  6.  equal  to  the  ReAangle  of  the  Ex- 
treams  AE,  AD,  that  is  to  fay,  by  6  to  double  the 
Square  AD,  becaufe  the  Height  AD  is  double  the  Bafe 
AE,  by  Confl.  and  becaufe  by  1^,  6»  the  Triangle  ABD  is 
to  its  Similar  one  IBG,  as  the  Square  of  AD,  is  to  the 
fquareoF  IG,- half  the  Square  AD;  the  Triangle  BIG 
alfo  will  be  half  the  Triangle  ABD,  half  the  Parallelo¬ 
gram  ABCD,  by I.  whence  it  follows,  that  the  Tra¬ 
pezoid  AIGD,  and  the  Triangle  GIB,  alfo  its  equal 
GHB,  are  a  quarter  of  the  Parallelogram  ABCD,  and 
confequently  the  Trapezoid  GHCD  is  alfo  a  quarter  of 
the  fame  Parallelogram  ABCD.  Which  was  to  be  de- 
monflrated, 

P  R  O  B  L  E  M.  VL 

To  divide  a  Parallelogram  into  two  equal  Parts  by  a  right 

Line  drawn  from  a  given  Point  within  it, 

TO  divide  into  two  equal  Parts  the  Parallelogram 
ABCD  by  drawing  a  right  Line  thro’ the  Point  E  ' 
given  within  it-  Draw  thro’  the  point  E  'the  right  Line 
FG  parallel  to  the  Side  AD,  or  BC,  and  having  made 
FH  equal  to  FB,  and  El  equal  to  EF,  find  a  fourth  Pro¬ 
portional  FR,  to  the  three  Lines,  GI,  IE,  AH,  to  ob-? 
tain  the  point  K,  thro’  which  and  the  given  point  E, 
draw  the  right  Line  RL,  which  will  divide  the  Paralle¬ 
logram  ABCD  propos’d  into  two  equal  Parts,  becaufe  it 
cuts  off  the  two  equal  Lines  BR,  DL  from  each  Side,  as 
we  fhall  demonftrate. 

DEMONSTRATION. 

0 

Becaufe  the  four  Lines  GI,  IE,  AH,  FR,  are  pro¬ 
portional  by  Confl»  you  will  find  by  compounding  y  that  the 
four  GE,  IE,  AH-f-FR,  FR,  are  proportional-i  And  if 
infteadof  the  two  fird  terms  GE,  IE,  or  EF*,  you  put 
the  two  IG,  FR,  that-  are  in  the  fame  Ratio,  by  4.  6^ 

P4 
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by  realon  of  the  Similitude  of  the  Equiangular  Triangles 
GELj  FEK,  you  will  know  that  the  Ratio  of  the  two 
Line?  LG,FK.,  is  equal  to  that  ofthefe  two,  AH-J-FK,  FK, 
and  confequently  the  Line  LG,  or  DG — DL,  or  AF- — 
DL  is  equal  to  AH-hFK,or  AF-.FH-hFK,or  AF^BK, 
•  becaufe  FB  is  equal  to  FH,  by  Confl,  and  the  two  Trape¬ 
zoids  AKLD,  BKLC,  havfeg  all  their  Angles  and  all  their 
Sides  equal  refpeftively,  are  equal  to  one  another,  and  fo 
the  Line  KL  divides  the  Parallelogram  propos’d  ABCD' 
into  two  equal  Parts.  P, 

problem  VIL‘ 

To  divide  a  Trapezoid  into  as  many  equal  PartSy  as  yoiA 

pkafe, 

« 

divide  the  Trapezoid  ABCD  for  inllance  into 
Plate  VI,  three  equal  Parts,  Divide  each  of  the  two  parallel 
F/V.  56,  Sides  AB,  CD,  into  three  equal  Parts  at  the  Points 
,  E,F,G,H,  arid  join  the  right  Lines  EG,  FH,  and  they 
will  divide  the  Trapezoid  propos’d  ABCD  into  three 
Trapezoids  ACGD,  EFHG,  FBCH,  that  are  equal, 
as  may  be  known  by  drawing  the  Diagonals  AG3EH,FC, 
by  which  you  will  fee,  that  the  Trapezoids  are  made 

up  of  Triangles  equal  to  one  another  3E.  i. 

\  • 

LEMMA. 

« 

The  Line  AB  being  cut  in  C,  to  cut  it  againfl  the  Point 
between  B  and  C,  fo  as  that  the  three  Squares  AC  y  AD^ 
ABy  may  be  in  Arithmetic  Proportion, 


Kg.  ^7. 


TO  find  the  Point  D  between  B  and  C,  lb,  as  that  the 
three  Squares  AC,  AD,  AB,  msiy  hp  in  Arithmetic 
Proportion,  that  is  to  fay,  that  the  fum  of  the  two  Ex- 
treams,  AB,  AC,  be  double  the  Mean  AD  ;  having 
eretfted  the  Perpendicular  BE  equal  to  AC,  upon  AB, 
and  bifeéted  the  Line  AE,  at  the  Point  F,  draw  from 
the  Point  F,  the  Line  F  G  perpendicular  and  equal  to, 
the  Line  AF,  half  of  AE,  and  make  AD  equal  to  AG, 
and  the  three  Squares  AC,  AD,  AB,  will  be  in  Arith¬ 
metic  Proportion,  0 


DEMONSTRATION. 

Becaule.the  Square  AE  is  ^  47.  i,  equal  to  the  fum 
of  the  Squares  AB,  BE,  or  AC,  the  Square  AF  of  half 
’  ■  ■  (  ;  ■  '  AE, 
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AE,  will  ht  by  10»  6,  a  quarter  of  the  fum  of  t;he  two 
Squares  AB,.  aC  :  and  becaufe  the  Square  AG  or  AD  is 
by  47.  I.  double  the  Square  of  AF,  becaUfe  ’tis  equal  to 
the  fum  of  the  - two  equals  AF,  FG,  the  fairie  Square 
AD  will  be  half  the  Sum  of  the  fqiiares  AC,  AD, 
and  thus  the  three  fquares.  AC,  AD,  AB  will  be  in  A- 
rithmetic  Proportion,  Which  vcas  to  be  àemonflratcL 

PROBLEM  YIU. 


To  divide  an  Ifofceles  Trape^^oid  into  four  e^ual  Parts  by  two 
Lines  Perpendicular  to  one  another^ 

ICall  that  an^ïfofceles  Trapezoid,  vyhofe  two  Sides  that 

are  not  Parallel,  are  equal  to  one  anothçr,  as  ABCD,  ^ 
whofe  two  Sides  AD,  BC  are  fuppofed  equal,  but  not 
parallel.  To  divide  it  into  four  equal  Parts,  by  two  * 
Lines  Perpendicular  to  one  another,  produce  the  two  e-  * 
qual  Sides  AD,  BC,  till  they  interfed  one  another  in  the 
Point  E,  and  having  bifeded  one  of  the  two  parallel 
Sidej  AB,  CD,  as  AB,  in  H,  draw  the  right  Line 
EH,  that  will  bifeél  alfo  the  other  Side  CD  in  F,  and 
will  be  Perpendicular  to  each  of  the  two  Sides,  AB, 

CD,  by  reafon  of  the  two  Ifofceles  Triangles  ABE, 

CDE,  which  it  divides  alfo  into  two  equal  Parts, 
as  well  as  the  Trapezium  propofed  ABCD,  Laftly 
îy  cut  the  Line  EH,  by  the  preceding  Lemma  which  is 
already  cut  in  F,  at  the  Poin,t  G,  fo  as  that  the  three 
fquares  EF,  EG,  EH  be  in  Arithmetic  Proportion, 
draw  through  the  Point  G  the  right  Line  IK  perpendi¬ 
cular  to  the  Line  FH,  and  thefe  two  Perpendiculars 
IK,  FH,  will  divide  the  Tfapeziod  propos’d  ABCDin-^ 
to  four  equal  Parts,  which  are  the  four  Trapezoids  AHGI, 

bhgr,  igfd,  kgfc. 


DEMONSTRATION, 


Becaufe  the  three  fquares  EF,  EG,  EH  are  in  A» 
rithmetic  Proportion,  by  Conflr.  ’tis  eafie  to  conclude, 
by  19.6,  that  the  three  ifofceles  Triangles  ABE,  IKE, 
DCE,  are  alfo  in  Arithmetic  Proportion,  that  is  to, 
fay,  the  Sum  of  thç  two  Triangles  ABE,  CDE, 
is  double  the  Triangle  IKE;  wherefore  if* from  each 
Side  you  take  the  double  of  the  Triangle  CDE,  you 
will  find  that  the  Trapezoid  ABCD  is  double  the  Tra- 
Zoid  IKCD,  and  çonfequently  the  Trapezoid  ÎKCD 
'  is  equal  to  the  Trapezoid  ABKI  ;  and  fince  each  of 
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the  two  Trapezoids  is  divided  into  two  equal"  Parts 
by  the  Line  FH,  by  Problem  7.  It  follows  that  the  jfoar 
Trapezoids  AHGI,  BHGK,  IGFD,  HGFC,  are  equal 
to  one  another.  .Which  wars  to  be  AemonflrateL 

PROBLEM  IX. 

To  divide  ct  Trapezoid  into  two  equal  Parts,  by  a  right  Line 
drawn  from  one  of  its  Angles* 

Plate,  6,  *^0  divide  the  Trapezoid  ABCD  into  two  equal  Parts 
59.  by  a  right  Line  drawn  from  a  given  Angle  A,  pro¬ 

duce  the  Side  adjacent  AB^  parallel  to  the^other  Side  CD 
to  E,  that  the  Line  AE  may  be  equal  to  the  other  Side 
CD,  and  draw  from  the  Point  E,  to  the  Point  D,  the 
right  Line.  ED,  which  being  produced  will  meet  the  o- 
^  ther  Side  alfo  CB  produced  in  fome  Point,  for  Inftance  F  ; 
afterwards  having  bifefred  the  Line  BF,  in  the  Point  G, 
draw  the  right  Line  AG,  and  it  will  divide  the  Trape¬ 
zoid  propos’d  ABCD,  into  two  equal  Parts,  fo  that  the 
Triangle  ABG  will  behalf  the  Trapezoid. 

DEMONSTRATION. 

If  you  join  the  Diagonal  AC,  and  the  right  Line 
AF,  you  know  by  33.  i.  that  the  Diagonal  AC  is  pa¬ 
rallel  to  the  Line  EF,  by  reafon  of  the  two  Parallel  and 
equal  Lines  AE,  DC,  by  Confir.  and  by  31.  i,  that  the 
Triangles  AFC,  and  ADC,  are  equal  :  Wherefore  if 
from  each  you  take  the  Triangle  AIC,  where  will  remain 
the  Triangle  AID  equal  to  the  common  Triangk  FIC,and 
if  you  add  each  of  the  two  Triangles  to  the  Trapezium 
ABCI,  you  will  fee  that  the  Trapezoid  ABCD  is  equal 
to  the  Triangle  ABF  ;  and  becaufe  bi  6,  the  Tri-? 
angle  ABG  is  half  the  Triangle  ABF,  the  Bafe  bG 
being  half  the  Bafe  BF,  by  ConflruB,  it  will  be  alfo  half 
the  Trapezoid  ABCD  propos’d.  Which  was  to  be  de-^ 
tnonfirated, 

PROBI^EM  X. 

To  divide  a  Trapeî^oid  into  two  equal  Parts,  by  a  right  Line 
drawn  from  a  given  Point  in  the  Baje. 

ïT*  X  T  ^  Trapezoid,  one  of  the  two  Parallel 

A  Sides,  as  AB,  of  the  Trapezoid  ABCD  j  if  therefore 
you  have  a  Point  E  given  in  that  Side  AB,  from  whence 

you 
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you  are  to  divide  the  Trapezoid  ABCD  into  two  equal  Plate  6* 
Parts,  having  taken  in  the  Bafe  AB,  the  Line  EF,  equal  6o* 
to  the  Line  EB,  draw  through  the  Point  A,  the  right 
Line  AG  parallel  to  the  right  Line  FD,  and  having 
hifeded  the’  Line  CG,  in  the  Point  H,  draw  the  right 
Line  EH,  and  that  will  divide  the  Trapezoid  propofed 
ABCD,  into  two  equal  Parts;  the  two  Trapezoids 
AEHD,  BEHC. 

DEMONSTRATION. 

I  ; 

'  If  you  join  the  Lines  EG,  FG,  EC,  you  will  find 
h  37'  1.’ that, -rhecaufe  the  Lines  AG,  FD  are  parallel 
by  Conflr,  The  two  Triangles  ADG,  AFG  are  alfo  equal, 
wherefore  if  from  each,  you  take  away  the  commonTriangle 
AIG,there  will  remain  fhe  Triangle  AIF  equal  to  theTri- 
angle  DIG,  each  of  which  being  feparately  added  to. the 
Trapezium  AIGE  will  fhow  you, that theTrapezoid  ADGE 
is  equal  to  the  Triangle  EGF,  and  confequently  to  the 
Triangle  ECB  its  equal  ^>'38,  becaufethe  twoBafesEB, 

EF  are  equal  by  Conflr,  and  the  two  Triangles  GEH, 

CEH  are  alfo  equal  by  38.  1.  by  reafon  of  their  equal 
Bales,  GH,  CH,  -by  Conflr,  ’XL  eafe  to  conclude,  that 
the  whole  Trapezoid  AEHD,  is  equal  to  the  whole  Tra¬ 
pezoid  BEHC,  Which  rvas  to  be  demonflrated. 

PROBLEM  XL 


To  divide  a  Trapezium  into  two  equal  PartSy  by  a  right 
Zine  drawn  jrom  a  given  jingle. 


TO  divide  the  Trapezium  ABCD  into  two  equal 
Parts,by  a  right  Line  drawn  from  the  Angle  D,  Bife<fr 
the  Diagonal  AC,  oppo'.te  to  the  given  Angle  D,  at  the 
Point  E>  through  which  draw  EF  parallel  to  the  other  Dia¬ 
gonal  BD,  and  join  the  right  Line  DFjand  that  will  divide 
the  T rapezium  propos’d  A  BCD  into  two  equal  Parts,  the 
Triangle  ADF,  and  the  Trapezium  BCDF, 


Fig  ,  61 0 


DEMONSTRATION, 

Becaufe  the  mo  Lines  E  A,  EC  are  equal  by  Conflr,  the 
two  Triangles  EDA,  EDC  will  be  equal,  as  well  as; 
thofe  two  EBA,  EBC,  by  32.  i.  which  makes  the  two 
Trapeziums  ADEB,  CDEB  equal  alfo;  and  becaufe 
the  Trapezium  ADEB^  is  equal  to  the  Triangle  ADF, 


44 


Plate  6, 
Pfg»  6  U 


Pig*  6%, 


A  Treaîife  c^^Geometry^ 

and  the  Trapezium  CDEF  equal  to  the  Trapezium 
BCDF,  the  Triangles  die,  BIF,  being  equal,  as  may 
be  feen  by  taking  away  the  Triangle  DIB  from  the  two 
Triangles  DEB,  DFB,  which  are  equal,  by  37,  i.  by 
reafon  of  the  Parallels  BD,  EF  by  Conflr,  it  follows,  that 
the  Triangle  ADF  is  equal  to  the  Trapezium  BCDF, 
Which  was  to  be  demonflratei  ;  See  Prob,  19, 

SCHOLIUM, 

You  fee  by  this  Figure?  you  may  eafily  divide  a  Trapcr 
zium  into  two  equal  Parts,  by  two  right  Lines  drawn  from 
the  two  oppofîte  Angles  given  ;  as  if  the  two  Angles  B,  D, 
were  given,  bifeffc  at  the  Point  E,  the  Diagonal  AC, 
that  paffes  thro’  the  two  otherAnglesA  and  C,  and  join  the 
the  right  Lines  EB,  E  D,  and  they  will  divide  the  T ra- 
pezium  propos’d  ABCD  into  two  equal  Parts,  vi^*  the 
two’  Trapeziums  ABED,  B.CDE,  becaufe  by  3S.  i.  the 
two  Triangles  EBA,  EBC,  are  equal,  as  well  as  thole 
two  EDA,  EDC. 

LEMMA, 

Having  a  Triangle  A^C  right-angled  in  Ay  to  fnd  in  the 
fide  AB  produced,  the  Point  D,  from  whence  drawing  tQ 
the  other  fide  AC,  the  Parallel  DE,  terminated  in  E,  by 
the  Hypotenufe  BC  produc'd  ;  the  Trapezium  ACED, 
may  be  equal  to  the  Square  of  the  given  Line  AF,  ‘ 

If  you  fnd  a  fourth  Proportional  AH,  to  the  Lines, 
AC,  AF,  and  AG  double  AF,  and  a  mean  proportio¬ 
nal  BD,  between  AB,  and  BH  the  Sum  of  thele  two 
AB,  AH,  you  will  find  the  Point  D  fought  for  :  So  that 
if  from  the  Point  D  you  draw  to  the  Sido  AC,  the  Pa-;^ 
rallel  DE  meeting  the  Hypotenufe  BC  produc’d  in  E, 
the  Trapezoid  ACED  will  be  equal  to  the  fquare  of 
double  the  Line  given  AF. 

DEMONSTRATION. 

Becaufe  the  Reélangted  Triangles  ABC,  DBE  are 
quiangular,  AC,  DE  being  Parallel,  by  Conflr.  they 
are  to  one  another,  as  the  fquares  of  their  Homologous 
Sides  AB,  DB,  by  19.  6.  wherefore  if  inflead  of  the 
fquare  DB,  you  put  the  Rectangle  under, AB,  BH,  that 
is  equal  toit,  by  17,6.  by  reafon  of  the  three  Propor¬ 
tionals  AB,  BD,  BH,  by  Conflr.  you  will  hnd  the  'IVk 


part  I.  0/  G  E  o  D  E  s  t  E. 

angle  ABC  is  to  the  Triangle  DBE,  as  the  fejuare  AB, 
is  to  the  Re<ftangle  under  AB,  BH,  ox  bj  6.  as  the  Bafe 
ABj  to  the  Bafe  BH,  by  reafon  of  the  common  Height 
AB,  and  by  Converftm  the  Triangle  ABC  is  to  the  Tra-  * 
pezium  ACED,  as  AB,  is  to  AH  and  if  to  the  two 
laft  terms  AB,  AH,  confider’d  as  Bafes,  you  give  the 
common  Height  AC,  you  know  i*  that  the  Trian¬ 
gle  ABC  is  to  the  Trapezoid  ACED,  as  the  Re<flangle 
under  AB,  AC  to  the  Rectangle  under  AH,  AC,  that 
is  to  fay,  to  double  the  fquare  AF,  by  reafon  of  the  four 
Proportionals ,  AC,  AF,  AF,  AH,  by  ConflruBion 
Where  you  fee  that  the  firft  Antecedent,  namely  the  T ri- 
angle  ABC  being  by  i.  half  the  fécond  Antecedent, 
which  is  the  Rectangle  under  AB,  AC  ;  alfo  the  fir  ft 
confequent,  namely  the  Trapezoid  ACED,  is  equal  to 
half  the  fécond  confequent,  whifh  is  double  the  fquare  AF, 
and  confequently  is  equal  to  the  fquare  AF.  Which  wm  to, 
be  Demonjirated,  See  Problem  19. 

PROBLEM  XIL 

To  divide  a  Trapezium,  that  has  two  eq^ual  Angles^  into  two 
equal  Parts  by  a  Line  Perpendicular  to  a  Side  between  the 
two  given  Angles, 

O  divide  into  two  equal  Parts  the  Trapezium  ABCD.  Fig,  63, 
whofe  two  Angles  A  and  B  are  equal,  by  a  right 
LinePerpendicular  to  the  interjacent  Side  AB,  produce  AB, 

DC,  till  they  meet  in  F,  alfo  AD,  BC  till  they  interfèél  in 
E,  and  then  the  Triangle  AEB  will  be  an  Ifofceles,^  6.  i. 
becaufe  the  Angles  A,  B,  are  equal  ^ /ywpp.  Wherefore  it 
you  draw  from  the  Angle  E,  the  Perpendicular  EG,  to 
the  oppofite  Side  AB,  the  two  Re«ftangled  Triangles 
AGE,  BGE,  will  be  equal.  Whence  'tis  eafie  to  con¬ 
clude,  that  the  Trapezium  AGHD  is  greater  than  the 
Trapezium  BGHC,  bécaufe  the  Triangle  DEH  is  lefs 
than  the  Triangle  CEH,  by  the  whole  Triangle  CEL, 
fuppofing  the  Bafe  HL  equal  to  the  Bafe  HD,  and  con¬ 
fequently  the  Triangle  HEL  equal  to  the  Triangle  HED, 
by  38.  I.  Wherefore,  if  you  reduce  half  the  Triangle  CEL 
into  a  fquare,  and  make  the  Trapezium  GHKI  equal  to 
the  fquare  bypreced.Lemm.  The  Perpendicular  IK.  will 
divide  the  Trapezium  propos’d  ABCD  into  two  equal 
Parts.  Which  was  to  be  done. 


PRO  B- 
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PROBLEM  XIII. 

To  divide  a  Trapezium  into  two  equal  PartS^  by  a  right  Zinc 
Perpendicular  to  two  Parallel  Sides, 

TO  divide  the  Trapezoid  ABEF  into  two  equal  Parts, 
by  a  right  Line  Perpendicular  to  the  two  Parallel 
Sides  AB,  EF,  Let  fall  from  the  two  Points  E,  F,  the 
Lines  EH,  EK,  perpendicular  to  the  Bafe  AB,  and 
take  in  the  Bafe  AB,  the  part  AO  equal  to  a  quarter  of 
the  Sum  of  once  BK,  twice  ,  HK,  and  thrice  AH,  to 
obtain  the  Point  C,  from  whence  eredt  the  Perpendicular 
OD,  to  AB,  and  that  will  divide  the  Trapezoid  pro¬ 
pos’d  ABFE  into  two  equal  Parts,  fothat  the  Area  of  the 
Trapezoid  AODE  will  be  precifely  half  that  of  theTra* 
‘pezoid  ABFÈ, 

DEMONSTRATION. 


.  Put  a  for  AHj  b  for  HK,  c  for  BK,  and  p  for  the 
common  Height  DO,  or  HE,  or  KF,  and  you  will  have 

■ — c4-~^4- — a  for  AO,  — b-X — ~c - a  for  HO,  and  the 

4^2^4  4^4  4  ’ 

Area  of  the  Triangle  AHE  will  be  -^ap,  thsit  of  the  Rec- 

2 


tangle  HODE,  will  be  that  of  the 

Redtangle  HKFE  will  be  bp,  that  of  the  Triangle 
BKF,  ~cp,  fo  that  the  Area  of  the  Trapeziod  ABFE; 

,  f 

II 

will  be— and  that  of  the  Trapezoid  AODE, 


will  be  ^  ap-r^  ^  Bp-^-  ^  cp,  which  is  exadlly  half  that  of 
the  Trapezoid  ABFE,  IVhich  was  to  be  Dewonflrated, 
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PROBLEM  XIV. 
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To  divide  a  Trapezoid  into  two  equal  Parts,  by  a  right  Line 
drawn  from  a  Point  given  in  a  Side, 

TO  divide  into  two  equal  Parts  the  Trapezium 

A  BCD,  by  a  right  Line  drawn  from  the  Point  E,  -^4?»  ^4» 
given  in  the  Side  AB.  Join  the  right  Lines  DE,  DB, 
and  draw  to  the  Diagonal  DB  thro’  the  Point  C,  the 
parallel  CF,  which  cuts  the  Side  AB  produced  in  the 
Point  F,  through  which  and  the  Point  D,  draw  the 
right  Line  DF,  which  will  make  the  Triangle  ADF 
equal  to  the  Trapezium  propofcd  ABCD,  by  reafon  of  the 
two  equal  Triangles  EOF,  COD,  as  you  will  know  by 
taking  away  the  two  Triangles  DCB,  DFB,  which  are 
equal  by  37,  i,  becaufe  BD,  CF  are  parallel  by  Confir, 
and  the  Triangle  BOD  common.  Wherefore  if  you  bi- 
feft  the  Bafe  AF,  in  the  Point  G,  and  draw  the  right 
Line  DG,  the  Triante  ADG  will  be  ^  i.  6.  half  the 
Triangle  ADF,  or  of  the  Trapezium  ABCD.  Laftly, 
draw  through  the  Point  G,  the  right  Line  GH,  parallel 
to  the  right  Line  DE,  and  join  the  Line  EH,  and  that 
will  divide  the  Trapezium  .ABCD  propofed  into  two 
equal  Parts,  the  two  T rapeziums  AEHD,  BEHC,  fo 
that  the  firll:  of  thefe  Planes,  namely  AEHD,  will  be  half 
the  Trapezium  ABCD,  or 
ADG. 


equal  to  the  Triangle 


DEMONSTRATION. 


Becaufe  the  two  Lines  DE,  GH  are  parallel,  by  Confir, 
the  two  Triangle  GDH,  GEH  will  be  equal,  by  38.  i. 
wherefore,  if  from  each  you  take  the  common  T riangle 
GHI,  there  will  remain  the  Triangle  DIH,  equal  to 
the  Triangle  G  IE,  each  of  which  being  added  feparate- 
ly  to  the  Triangles  AEID,  you  will  have  the  Trapezium 
AEHD  equal  to  the  Triangle  ADG,  and  confequent- 
ly  to  half  the  Trapezium  propofed  ABCD.  Which  was 
to  be  demonfirated. 


SCHOLIUM. 

There  will  be  no  need  of  reducing  the  Trapezium  pro¬ 
pofed  ABCD  into  a  Triangle,  when  the  Point  E  is  given 
in  the  middle  of  the  Side  AB,  becaufe  you  may  divide 


48 

mate  VL 


Bg.  66. 


A  Treàtîfe  Geometry.  • 

it  another  way  into  two  equal  Parts,  by  a  Line  drawn 
from  that  middle  Point  E,  as  you  ihall  fee  immediately. 

Having  join’d  the  right  Line  CE,  and  drawn  from  the 
Angle  D,  the  Line  pF  parallel  to  the  Side  AB,  bifeA 
that  Line  DF  in  the  Point  G,  thro’  which  draw  GH  pa¬ 
rallel  to  the  Line  CE,  and  that  will  give  the  Point  H  in 
the  Side  CD,  thro’  which  and  the  Point  given  E,  draw 
the  right  Line  EH,  and  it  will  divide  the  Trapezium 
propofed  ABCD  into  two  equal  Parts,  the  two  Trape¬ 
ziums  AEHD,  BEHC. 

DEMONSTRATION. 

Becaufe  the  two  Trapezoids  AEGD,  BEGF  are  equal 
by  ProbL  7.  and  the  two  T riangles  GDC,  GCF,  are  aU 
fo  equal  by  38.  i.  it  follows,  that  the  Pentagon  ÀEGCD 
is  equal  to  the  Trapezium  BEGC  :  And  becaufe  the  two 
Triangles  EIG,  CIH,  are  alfo  equal,  as  may  be  known 
by  taking  away  the  two  Triangles  EGC,  EHC,  which 
are  equal  by  38.  i,  by  reafon  of  the  two  Parallels  CE, 
GH,  and  the  common  Triangle  EIC  ;  it  follows  that  the 
Trapezium  AEHD  is  equal  to  the  Trapezium  BEHC  5 
Which  was  to  be  demonflrated. 

Or  draw  from  the  two  Extremities  A,  B,  of  the  Side 
AB,  the  right  Lines  AF,  BG  perpendicular  to  the  Side 
CD,  and  find  a  fourth  proportional  DH,  to  the  Sum  of 
.two  Perpendiculars  AF,  BG,  the  Perpendicular  BG  and 
Side  CD,  to  obtain  the  Point  H  in  the  Side  CD,  thro’ 
which  and  the  Point  given  E,  draw  the  right  Line  EH, 
and  it  will  divide  the  Trapezium  propofed  ABCD  into 
two  equal  parts,  which  are  the  Trapeziums,  AEHD, 
BEHC. 


DEMONSTRATION. 


Becaufe  the  four  Lines  AF-I-BG,  BG,  CD,  DH, 
are  proportional  by  Conftr,,  You  know  by  Converfion^ 
that  the  four  AF,  BG,  GH,  DH  are  alfo  proportional, 
and  by  16.  6.  the  Recftangle  of  the  two  Extremes  AF, 
DH,  or  by  41,  i.  the  double  of  the  Triangle  AHD,  is 
equal  to  the  Rectangle  of  the  Means  BG,  CH,  or  the 
double  of  the  Triangle  BHC,  and  confequently  the  two 
Triangles  AHD,  BHC,  are  equal,  to  which  if  you 
add  the  two  Triangles  -AHE,  BHE^  which  are  al¬ 
fo  equal  by  38. 1,  by  reafon  of  the  two  equal  Bafes  AE, 
BE,  by  Supp,  you  may  find  that  the  two  Trapeziums 

AEHD 
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AEHD,  BEHD,  BEH  are  alfo  equal,  micb  wot  to  be 
Demonfirated, 

Or  again^  if  you  will  reduce  the  Trapezium  propofed  VL 

ABCD  into  a  Triangle,  you  may  find  in  the  Side  CD  65* 

produced,  which  is  oppofite  to  the  Point  given  E,  the 
Bafe  of  the  Triangle,  whole  Vertex  fhall  be  at  the  Point 
given  E,  by  drawing  from  the  Point  A  a  parallel  to  the 
Line  ED,  and  in  like  manner  from  the  Point  B,  a  Paral¬ 
lel  to  the  Line  EC,  and  by  bifeél-ing  that  Bafe  at  thé 
Point  H, 

i 

LEMMA* 

To  reduce  a  Trapezium  into  a  Trapezoid, 

TO  reduce  the  Trapezium  ABCD  into  a  Trapezoid, 

Draw  from  the  Point  A  to  the  Side  BC  the  paral- 
el  AE,  and  from  the  Point  D,  to  the  Diagonal  AC, 
another  parallel  DE,  and  thro’  the  Point  E,  where  the 
two  Parallels  AE,  DE  interfeâ:,  draw  to  the  Point  C, 
the  right  Line  CE,  and  the  Trapezoid  ABCE  lhall  be 
equal  to  the  Trapezium  propofed  ABCDè  , 

f 

DEMONSTRATION. 

Becaule  the  two  Lines  AC,  DE  are  parallel,  Conflri 
the  two  Triangles' ADC,  AEG  are  equal,  by  38.  i. 
Wherejfbre  if  from  each  you  take  away,  what  is  common 
AFC,  there  Will  remain  the  Triangle  EF A  equal  to  the 
Triangle  CFD,  and  if  you  add  each  of  tHefe  two  equal 
Triangles  to  the  Trapezium  ABCF,  you  may  find  that 
the  Trapezium  propos’d  ABCD  is  equal  to  the  Trape-* 
zoid  ABCE.  Which  was  to  be  Demonflrated, 

SCHOLIUM. 

Becaufe  here  the  two  Sides  are  changed,  the  Refoluti- 
on  tho’  good,  as  you  may  fee  by  the  Dtemonftration,  yet  ‘ 

IS  not  fo  proper  for  our  Defign  ;  Wherefore  I  fliall  here 
give  another  without  changing  a  Side. 

To  turn  the  Trapezium  ABCD,  therefore,  into  ^Fia,6%k 
Trapezoid  without  changing  the  Side  AB,  or  Pofition 
of  the  Lines  AD,  BC.  Produce  the  Sides  AD,  BC, 
till  they  meet  in  a  point,’  as  E,  and  cut  the  Side  AE 
in  F,  fo  as  that  the  Side  BE  may  be  to  the  Side  AE, 
as  the  Re-ftangle  of  the  Lines  EC,  ED,  to  the  fquare  EF, 
to  gain  the  point  F,  which  is  eafily  done,  then  drawing, 

£  through 


50 

TUte  VL 
'Pig.  68. 


pig,  68. 


A  Treûtife  of  Geometry. 

thrôiigh  F,  a  Line  FG  parallel  to  the  Side  AB,  you  will 
have  the  Trapezoid  ABGF  equal  to  the  Trapezium  pro¬ 
pos’d  ABCD. 

DEMONSTRATI  O  N. 

Join  the  Lines  FC,  DG,  and  you  will  foon  fee  that 
the  Triangle  ECD  is  equal  to  the  Triangle  EGF,  and 
confequèntly  the  Triangle  CIG,  equal  to  the  Triangle 
DIF,  after  this  manner. 

Becaufe  the  Line  BE  is  to  the  Line  AE,  as  the  Re- 
^langle  of  the  Line  EC,  ED,  is  to  the  fquare  EF,  l?y 
Conflr.  If  in  the  place  of  the  two  firft  Terms  BE,  AÈ, 
you  put  the  two  EG,  EF,that  are  in  the  fame  ratio  by  46. 
by  reafon  of  the  two  Parallels  AB,  FG,  by  Conflr.  You 
know  that  the  Ratio  of  the  Lines  EG,  EF,  is  equal  to 
that  of  the  Reélangle  under  the  Lines  EC,  ED,  to  the 
fquare  EF,  and  giving  to  the  two  firft  Terms*  EG,  EF, 
the  Line  ÉF  for  a  common  Height,  you  may  find  by  i,  6, 
that  the  Ratio  of  the  Re<5tangle  under  the  Lines  EF,  EG, 
to  the  fquare  EF,  is  the  fame  with  that  of  the  Rectangle 
under  the  Lines  £C,  ED  to  the  fame  fquare  EF,  and  con- 
fequently  the  Rectangle  of  the  Lines  EF,  EG,  is  equal 
to  the  Rectangle  of  the  Lines  EC,  ED.  Wherefore  ^ 
i6.  6.  the  four  Lines,  EC,  EF,  EG,  ED  are  proportio¬ 
nal,  and  by  15.6.  the  two  Triangles  ECD,  EFG,  will 
be  equal  ;  from  whence  taking  the  common  T rapeziuni 
EGID,  there  will  remain  the  Triangle  CIG,  equal  to 
the  Triangle  DIF,  and  if  to  each  of  the  two  equal  Tri¬ 
angles  you  add  feparately  the  Pentagon  ABCIF,  you 
will  find  that  the  Trapezium  propofed  ABCD  is  equal 
to  the  Trapezoid  ABGF.  Which  was  to  bi  Domonflra^ 
ed. 

PROBLEM.  XV. 

To  divide  a  Trapezoid  into  two  equal  Tarts  by  a  right  Line 
paraUel  to  its  parallel  Sides. 

TO  divide  the  Trapezoid  ABGF  into  two  equal 
parts,  by  a  right  Line  parallel  to  the  two  parallel 
Sides  AB,  GF.  Produce  the  two  other  Sides  AF,  BG, 
till  they  meet  in  a  point,  for  inftance  E,  and  cut  the 
Side  AE,  in  O,  fo  as  that  the  fquare  of  EO  may  be 
equal  to  half  the  Sum  of  the  two  fquares  AE,  ÈF,  to  ob¬ 
tain 
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tain  the  Point  O,  through  which  draw,  to  the  Bafe  AB,  Tlate  VL 
the  Parallel  OH,  and  that  will  divide  the  Trapezoid  6%, 
propofed  ABGF,  into  two  equal  Parts. 

DEMONSTRATION* 

Becaufe  the  Sum  of  the  two  Squares  AE,  EF,  is  dou^ 

He  the  Square  EO,  by  Conflr»  the  three  fquares  AE,  EO, 

EF,  will  be  in  Arithmetic  Proportion,  as  well  a^  the 
three  limilar  Triangles  ABE,  OHE,  FGE,  by  19,  6, 
Wherefore  the  excefs  of  the  firft  above  the  fécond,  name¬ 
ly  the  T rapezoid  ABHO,  will  be  equal  to  the  excefs  of 
the  fécond  above  the  third,  or  to  the  Trapezoid  OHGF. 

Which  was  to  bs  Vemonfiratsd, 

COROLLA  RY. 

From  this  Problem  may  be  drawn  the  method  of  divi* 
ding  a  Trapezium,  as  ABCD,  into  two  equal  Parts, 
by  a  right  Line  parallel  to  a  Side,  for  inftance  AB,  name¬ 
ly  by  defcribing  fy  the  precede  Lem,  on  the  Side  AB,  the 
Trapezoid  ABGF  equal  to  the  Trapezium  propofed 
ABCD,  and  compleating  the  reft  as  has  been  taught. 

But  this  Divifion  may  be  made  much  eafter  another  way, 
as  we  ftiall  /hew  in  the  following 

PROBLEM  XVI. 

'To  divide  a  Trapezium  into  two  e^ual  Parts,  by  a  right  Line 
parallel  to  a  given  Side, 

TO  divide  into  two  equal  Parts  the  Trapezium 
ABCD,  by  a  right  Line  parallel  to  a  Side  AD  ;  pro¬ 
duce  the  other  two  Sides  AB,  CD,  till  they  meet  in  a 
Point,  for  inftance  E,  and  having  drawn  from  the  An- 
gle  C,  the  right  Line  CF  parallel  to  the  Diagonal  BD, 
bifeft  the  Line  AF,  in  the  Point  G,  and  find  a  mean 
proportional  EH  between  the  two  Lines  AE,  EG,  to 
obuin  the  Point  H,  thro’  which  drawing  the  Line  HI, 
parallel  to  the  Side  AD,  it  will  divide  the  Trapezium 
propofed  ABCD  into  two  equal  Parts. 

DEMONSTRATION. 

By  joyning  the  right  Lines  Dp,  DG,  you  will  find  as 
in  Prob,  14.  that  the  Triangle  ADF  is  equal  to  the 
Traptzium  ABCD,  and-^j^  i.  6.  that  the  Triangle  A.DG 

'  E  is 
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Plate  VL  is  half  of  the  Triangle  ADF,  or  of  the  Trapezium  ABC0, 
Pig*  69,  becaufe  the  Bafe  AG  is  half  the  Bafe  AF  by  Conflr.  and 
becaufe  the  three  Lines  AE,  EH,  EG,  are  proportional 
by  Confir,  you  may  find  by  Corol,  20.  6.  that  the  firft  AE, 
is  to  the  third  EG,  as  the  Square  of  the  firft  AE,  to  the 
Square  of  the  fécond  EH,  or  by  19.  6.  as  the  Triangle 
AED,  to  its  hmilar  one  HEI,  by  reafon  of  the  two  Pa¬ 
rallels  AD,  YL\y  by  Cohflr,  and  as  the  Ratio  of  the  fame 
two  Lines  AÊ,  EG  is  alfo  equal  to  that  of  the  two  Xri- 
'angles  AED,  G  ED,  it  followsthat  the  Triangle  AED  is 
to  the  Triangle  G  ED,  as  the  fame  Triangle  AED  is  to 
the  Triangle  HEI,  and  cohfequently  the  two  Triangles 
,  ^  ^  GED,  EHI,' are  equal  :  Wherefore  if  from  each  you 

'take  the  common  Triangle  BCE,  there  will  remaiti 
the  Trapezium  BCDG  equal  to  the  Trapezium  BCHI, 
>  and  if  from  each  of  thefe  two  equal  Planes,  you  take  away 

the  common  Pentagon  BCIOG,  there  will  remain  the 
Triangle  DOE^  equal  to  the  Triangle  GOH,  each  of 
which  being  ‘added  to  the  Trapezium  ADOH,  you  may 
fee  that  the  Trapezium  AHTD  is  equal  to  the  Triangle 
ADG,  or  to  half  the  Trapezium  propofed  ABCD,  which 
is  thus  divided  into  two  equal  Parts,  by  a  right  Line 
'  HL  Which  waA  to  be  demonflrated, 

f  '  ■  j  - 

S  C  H  O  L  I  Ü  M> 

Itg.  7o«  You  may  Demonftrate  after  the  fame  manner,  that  if 
you  make  the  Line  AG  equal  to  a  third  part  of  the  Line 
AF,  the  Trapezium  AHID,  will  be  equal  to  a  third 
part  of  the  propofed  one  ABCD.  Wherefore  if  you  di¬ 
vide  BCIH,  into  two  equal  Parts  by  a  Line  RL  parallel 
to  the  Side  HI,  the  Trapezium  propofed  ABCD,  \yin 
be  found  divided  into  three  equal  Parts  by  the  two  right 
lines  HI,  RL,  parallel  to  one  another  and  to  the  Side 
AD. 

71*  ’Tis  evident  by  38.  i.  that  becaufe  the  Triang;le  ADF, 
is  equal  to  the  Trapezium  ABCD,  if  you  divide  the 
Bafe  AF  into  three  equal  Parts,  at  the  Points  G,  H,  and 
from  the  Angle  D,  you  draw  the  two  Lines  DG,  DH, 
to  the  Points  G,  H,  the  Trapezium  ABCD,  will  be 
found  divided  into  three  equal  Parts  by  the  two  Lines 
DG,  DH,  drawn  from  the  Angle  D. 

’Tis  evident  alfo,  that  if  you  produce  the  Lines  DG, 
*^0*  72*  ÇF,  till  they  cut  one  another  in  a  Point,  for  inftance  H, 
and  then  bifetff  the  whole  Line  GH,  with  the  right  Line 
BI,  the  Trapezium  ABCD  will  be  found  divided  into 
three  equal  Parts,  by  the  two  Lines  DG,  BI,  drawn  from 

the 
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the  two  Angles  D,B,by  reafon  of  the  Triangle  ADG  equal' 
to  a  third  part  of  the  Triangle  ADF»  or  of  the  'Trape-' 
zium  ABCD,  and  of  the  Triangle  GBI,  equal  to  half 
the  T riangle  GBH,  or  T rapeiium  G  BC  D,  which  is  equal 
to  two  Thirds  of  the  propofed  ABCD,  CS’r. 

Laflly,  *Tis  evident,  that  if  you  take  the  Line  AG  equal  PJd^e  F/. 
to  a  fourth  part  of  the  Line  AF,  and  the  LineGI,  equal  73. 
to  a  fourth  of  the  Line  GH,  and  divide  the  Trapezium 
BCDI  into  two  equal  parts  by  the  right  Line  CO,  the 
Trapezium  propos’d  ABCD,  will  be  found  divided  into 
four  equal  Parts  by  the  three  Lines  BI,  CO,  DG,  drawn 
from  the  three  Angles  B,  C,D. 

PROBLEM  XVIL 


Tq  divide  a  Tra^e^iutn  into  three  equal  Tarts,  by  right  Lines 
drawn  from  two  given  Points  in  a  Side, 


TO  divide  the  Trapezium  ABCD  into  three  equal 
Parts  by  two  right  Lines  drawn  from  the  Points 
E,  F,  given  in  the  Side  AB.  Draw  from  the  oppofîte 
Angle  C,  a  Parallel  CG  to  the  Diagonal  BD,  and  thro’ 
the  Point  G,  where  it  cuts  the  Side  AB,  draw  to  the 
other  oppofite  Angle  D,  the.  right  LineDG,  that  fhall 
make  the  Triangle  ADG  equal  to  the  Trapezium  ABCD, 
by  Probl,  14.  Wherefore  if  you  divide  the  Bafe  AG  into 
three  equal  Parts  at  the  Points  H,  T,  and  draw  the  Lines 
DH,  Dl,  you  will  find  by  1.6.  that  each  of  the  three 
Triangles  ADH,  HDI,  IDG,  is  a  third  of  the  Triangle 
ADG,  or  of  the  Trapezium  propofed  ABCD.  Draw 
thro’  the  Point  H,  the  right  Line  HK  parallel  to  the  Lino 
DE,  and  through  the  Point  I,  the  right  Line  IL,  pa¬ 
rallel  to  the  Line  DF,  and  join  the  right  Lines  EK,  FL, 
which  will  divide  the  Trapezium  propofed  ABCD  into 
three  equal  Parts,  which  are  the  three  Trapeziums  AK, 
EL,  FC,  fo  that  each  of  thefe  three  Planes  are  equal  to  a 
third  of  the  Trapezium  ABCD, 


Plate  VJL 

fig-  74.  ’ 
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DEMONSTRATION, 

Becaufe  the  tv/o  Lines  DE,  HK,  are  parallel  by  Confirm 
the  two  Triangles  HDR,  HER  are  equal,  by  38.  i» 
Wherefore  if  from  each  you  take  away  the  common  Tri¬ 
angle  HOR,  there  will  remain  the  Triangle  DOR  equal 
to  the  Triangle  EOH,  and  if  to  each  of  thefe  two  equal 
Triangles  you  add  the  Trapezium  AEOD,  you  wiU  fee, 

E  ^  that 
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that  the  Trapexium  AEKD  is  equal  to  the  Triangle  ADH 
that  is,  to  a  third  of  the  Trapelium  ABCD.  After  the 
fame  manner  it  may  be  demonftrated,that  the  Trapezium 
AFLD'is  equal  to  the  correfponding  Triangle  ADI,  that 
is  to  fay,  to  two  thirds  of  the  Trapezium  ABCD.  Whence 
’tis  eahe  to  conclude,  that  each  of  the  two  Trapezium’s 
EL,  FC,  is  a  third  of  the  fame  Trapezium  ABCD, 
Which  was  to  be  Demonflrated, 

PROBLEM  XVIII. 

To  divide  a  Trapezoid  into  as  many  equal  Parts  as  you  pleafe, 
by  Lines  parallel  to  one  of  the  two  Sides^  that  are  not 
parallel. 


Plate  Vll. 
■%-75- 
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TO.  divide  the  Trapezoid  ABCD,  for  inftanceHnto 
three  equal  Parts,  by  Lines  partiel  to  the  Side  AD. 
Bife(5I  the  oppofite  fide  BC,  in  the  point  E,  and  draw 
thro*  that  point  E,  the  Line  EF,  parallel  to  the  Bafe 
AB,  which  divide  into  three  equal  Parts  at  the  points 
G,  H,  thro’  which  and  the  point  E,  draw  to  the  fide 
AD,  the  three  parallels  IK,  LM,  NO,  and  they  will 
divide  the  Trapezoid  propos  d  ABCD  into  three  equal 
Parts,  which  are  the  two  Parallelograms  AK,  IM,  and 
the  Trapezoid  LC,  fo  that  each  of  thefe  three  Planes 
will  be  a  third  of  the  Trapezoid  ABCD, 


DEMONSTRATION, 


Becaufe  the  two  Triangles  BEN,  CEO,  are  equian¬ 
gular,  and  have  a  fide  EB,  equal  to  a  fide  EC,  by  Conflr, 
they  will  be  equal  by  26.  i.  Whence  ’tis  eafie  to  con¬ 
clude,  that  the  Trapezoid  BCML  is  equal  to  the  Paralle¬ 
logram  M.LNO,  and  the  whole  Trapezoid  ABCD,  equal 
to  the  whole  Parallelogram  ANOD  :  and  as  each  of  thefe 
three  Parallelograms  AK,  IM,  LO,  is  a  third  of, the 
whole  Parallelogram,  they  will  alfo  be  a  third  of  the 
'  Trapezoid  propos’d  ABCD.  Which  was  to  be  Demon' 

jhatedo 

PROBLEM  XIX. 

To  divide  a  Trapezium  into  two  Parts  of  a  given  Patio, 

Fig,  j6,  *^0  divide  the  Trapezium  ABCD  into  two  Parts, 
J-  whofe  Ratio  let  be  equal  to  that  of  the  two  Lines 
AH,  HB.  Haying  let  fall  from  the  two  Angles  A,  C, 

the 
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the  right  Lines  AE,  CF,  perpendicular  to  the  Diagonal  Plate  VI L 
BD,  find  a  fourth  proportional  AG,  to  the  fum  of  the  ivV,  76, 
two  given  Lines  AH,  HB,  to  the  fum  of  the  two  Per-  ‘  ” 
pendkulars  AE,  CF,  and  to  the  right  Line  AH  ;  and 
another  fourth  proportional  AI,  to  the  three  Lines  AE, 

AG,  AB,  to  gain  the  point  I,  thro’ which  and  the 
Point  D,  draw  the  right  Line  DI,  and  it  will  divide 
the  Trapezium  propos’d  ABCD,  into  two  Parts  ADI, 

BCDI,  whofe  Ratio  is  equal  to  that  of  the  two  siven 
Lines  AH,  HB. 

DEMONSTRATION. 

Becaufe  by  i.  6.  the  Triangle  ADI,  is  to  the  Triangle 
ADB,  as  the  Bafe  A  I,  to  the  Bafe  AB,  or  hy  Conflr.  as 
AG,  to  AE  ;  and  for  the  fame  reafon  becaufe  the  Tri¬ 
angle  ADB  is  to  the  Triangle  CDB,  as  the  Height 
AE,  is  to  the  height  CF,  and  by  Cempofttion  the  Trape¬ 
zium  ABCD,  is  to  the  Triangle  ADB,  as  the  fum  of  the 
Heights  AE,  CF,  is  to  the  Height  AE,  the  Trape¬ 
zium  ABCD,  will  be  to  the  Triangle  ADI,  as  the  fum 
of  the  Heights  AE,  CF,  to  the  Line  AG,  or  by  Conflr, 
as  AB,  to  AH,  and  by  Divifion  the  Trapezium  BCDI, 
will  be  to  the  Triangle  ADI,  as  BH,  to  AH.  Which 
to  be  JDemonflrated* 

COROLLARY. 

A  Method  different  from  that  in  //.  may  be 

drawn  from  this  Problem,  for  dividing  into  two  equal 
Parts  a  Trapezium  by  a  right  Line  drawn  from  a  given 
Angle,  for  inftance  D,  by  bifeefting  the  oppofite  fide  AB 
in  the  point  H,  and  compleating  the  reft,  as  has  been 
ftiewn. 

If  you  would  divide  the  Trapezium  ABCD  into  three 
equal  Parts  other  wife  than  by  the  Scholium  of  ProbU  16. 1%. 
make  AH  equal  to  a  third  of  the  oppofite  fide  AB,  to  ob¬ 
tain  the  Triangle  ADI  equal  to  a  third  of  the  Trape- 
‘zium  ABCD  ;  and  after  the  fame  manner  the  Trape¬ 
zium  BCDI  into  two  equal  Parts  by  the  right  Line 
DK,  ^ 
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PROBLEM.  XX. 

f 


To  cut  off  from  a  gîvm  Trapei(tum  a  Figure  equal  to  a 

given  Figure, 


mte.  VlL 
Fig,  76. 


R Educe  into  a  Triangle  the  given  Figure^  and  the 
Trapezium  propos’d  ABCD  into  a  Triangle,  and 
then  cut  off  from  it  a  Triangle  ADI  equal  to  the  pro¬ 
pos’d  one^  and  the  Problem  is  folved. 

Or  find  the  Ratio  of  the  Trapezium  propos’d  ABCD 
to  the  given  Figure,  which  is  very  eafie  to  be  done,  then 
by  the  help  of  the  preceding  Problem  divide  the  Tra¬ 
pezium  propos’d  ABCD,  in  that  Ratio» 


CHAP»  III 

The  Divîjîon  of  Polygones. 

TH  E  Divifion  of  Polygones  will  be  made  eafie  by 
that  of  Triangles  and  Quadrilaterals.  Becaufe  a 
Polygone  may  eafily  be  reduc’d  into  a  Quadrilateral  or 
Triangle,  by  what  lhall  be  faid  in  this 


LEMMA. 

To  reduce  a  Polygone  propos'd  into  a  Triangle,  ^ 

78.  reduce  the  Pentagon  ABCDE  into  a  Triangle, 

^  fo  that  one  of  the  Angles  of  the  Triangle  fliall  be  for 
inffance  in  D,  Draw  from  the  point  D,  to  the  point  A, 
the  Diagonal  AD,  and-dfaw  a  Parallel  to  it  EF,  thro’ 
the  point  E,  which  will  meet  the  Side  AB  in  the  point 
F,  thro’  which  and  the  point  given  D,  draw  the  right 
Line  DF,  and  it  fiiall  make  the  Quadrilateral  BCDF 
equal  to  the  Pentagon  propos’d  ABCDE,  becaufe  the 
Triangles  AKF ,  DKE  are  equal,  as  may  be  feen  by 
taking  away  the  Triangle  AKD,  from  each  of  the  two 
Triangles  AED,  AFD,  that  are  equal,  by  37,  i,  AD 
and  EF  being  parallel.  All  that  remains  is  to  reduce 
the  Trapezium  BCDF  into  a  Triangle,  which  may  be 
done  by  drawing  a  Parallel  CG,  as  nigh  as  may  be  to 
the  Diagonal  BD,  thro’  thq  Aïîgle  C,  and  joining  the  riglit 
Line  DG.  For  then,  the  two  Triangles  CLD,  BLG, 
being  equal,  you  will  have  the  Triangle  FDG  equal  to, 
Y  'the. 

/ 
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the  Quadrilateral  BCDF,  and  confeqhently  to  the  Penta- 
gon  propos'd  ABODE.  JVhich  was  to  be  done. 

From  hence  ’tis  plain  you  may  eafily  reduce^what  Po¬ 
lygon  you  pleafe,  into  a  Triangle,  becaufe  you  may  at 
any  time  reduce  it  into  a  Figure  that  has  one  Side  lefs, 
and  that  next  Figure- agaiii  into  another,  that  has  one 
fide  lefs,  and  fo  on  till  it  becomes  a  Triangle.  Thus  in 
this  Example,  we  have  made  a  Figure  of  four  Sides  BCDF, 
out  of  one  of  five,  ABODE,  and  one  of  three  or  a  Tri¬ 
angle  FDG,  out  of  that. 

PROBLEM  I. 

To  divide  a  given  Polygon  into  three  equal  Tarts ^  by  two 
right  L.ines  drawn  from  a  given  Angle, 

divide  the  Pentagon  ABODE,  into  three  equal  ^lote  VII, 
Parts,  by  two  Lines  drawn  from  a  given  Angle  Eÿ*  7^-’ 
p.  Reduce  by  the  help  of  the  preceding  Lem¬ 
ma,  the  Polygon  propofed  ABODE,  into  a  Triangle 

FDG,  having  its  Vertex  the  given  Point  D,  and  having 
divided  the  Bafe  FG  into  three  equal  Parts,  at  the 
Points  H,  I,  draw  from  the  Point  given  D,  through  the 
two  Points  H,  I,  the  right  Lines,  DH,  DI,  and  they 
will  divide  the  Pentagon  propofed  into  three  equal 
Parts,  the  Triangle  HDI,  and  the  two  Trapeziums  AE 
DH,  BCDI,  fo  that  each  of  thefe  three  Planes  will  be 
equal  to  a  third  part  of  the  Polygon  propofed  ABODE, 

DEMONSTRATION. 

'Tis  evident,  by  i,  6,  that  each  of  thefe  Triangles 

FDH,  HDI,  IDG  is  a  third  of  the  Triangle  FDG,  for 
their  Ba.fos  FH,  HI,  IG,  are  each  a  third  part  of  the 
Bafe  FG,  byConflr.  Wherefore  each  of  them  will  be  a 
third  alfo  of^  the  Polygon  propos'd  ABODE  ;  and  as 
the  Trapezium  A EDH,  is  equal  to  the  Triangle  FDH, 
becaufe  the  Triangle  AKF  is  equal  to  the  Triangle  DKE, 
as  may  be  feen  in  the  preceding  Lemma,  and  in  like 
manner  the  Trapezium  BCDI,  is  equal  to  the  Trian¬ 
gle  I DG,  the  Triangle  BLG  being  equal  to  the  Trian¬ 
gle  OLD,  hence  it  follows,  that  the  Polygon  propofed 
abode  is  divided  into  three  equal  Parts,  by  the  two 
Lines  DH,  DI.  Which' was  to  be  Demonflrated, 
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SCHOLIUM. 

Plate  Vll^  When  a  Polygon  has  two  Sides  parallel,  as  the  Hexa- 
79*  ABCDEF,  whofe  two  Sides  AB,  DE,  are  parallel, 

you  may  divide  it  into  three  equal  Parts,  and  them  too, if 
you  pleafe,  by  reducing  it  into  a  Quadrilateral  ABHG, 
which  will  be  a  Trapezoid,  which  confequently  you  may 
divide  hy  Proh»  7.  Chap,  2.  namely,  by  dividing  each  of 
the  two  parallel  Sides  AB,  GH,  into  three  equal  Parts, 
at  the  Points  L,  M,  I,  K,  and  by  joining  the  right  Lines 
LK,  MI,  which  will  divide  the  Hexagon  propofed  into 
three  equal  Parts,  the  Trapezoid  LMIR,  and  the  two 
Pentagons,  ALREF,  ‘BCDIM,  that  are  equal  to  the 
two  Trapezoids  ALRG,  BMIH,  the  Triangle  A  OF, 
being  equal  to  the  Triangle  GOE,  and  the  Triangle  BNC 
to  the  Triangle  DNH,  î5c, 

Fk  80  two  Points  K,  I,  for  inftance  Î,  fallwith- 

***  *  out  the  Side  DE,  the  Trapezoid  LMIR,  tho’  equal  to 

a  third  part  of  the  Hexagon  ABCDEF  cannot  be  taken 
for  one  of  the  three  Parts  fought  for.  In  this  Cafe  a 
Line  IP  mull  be  drawn  parallel  to  the  Line  MD,  thro* 
the  Point  I,  which  will  give  in  the  Side  CD,  the  Point 
P,  through  which  and  the  Point  M,  draw  the  right  Line 
MP,  and  inftead  of  the  Trapezoid  LMIR,  take  the 
Pentagon  LMPDR,  equal  to  it,  becaufe  the  Triangles 
MRP,  DRI,  are  equal  as  may  be  feen,  by  taking  away 
the  Triangle  DRM,  from  the  two  Triangles  DIM, 
DPM,  that  are  equal  alfo  by  27.  i,  MD,  PI,  being  pa¬ 
rallel  by  Conjlruil, 


Bg.  81. 


PROBLEM  IL 

To  divide  a  given  Polygon  into  as  many  equal  Parts  as  you 
pleafe^  by  rtght  Lines  drawn  from  a  given  Angle. 

\ 

divide  the  Pentagon  ABCDE,  for  inftance  into 
*“*  four  equal  Parts,  by  right  Lines  drawa  from  the 
given  Angle  D.  Reduce  the  Polygon  into  the  Triangle 
FDG,  whofe  Vertex  is  at  the  Point  given  D,  and  having 
divided  the  Bafe  FG,  into  four  equal  Parts,  at  the  Points 
H,  I,  R,  draw  the  right  Lines  DH,  DI,  DR,  and 
they  will  make  four  T  r {angles  FDH,  HDI,  IDR,  RDG, 
each  of  which  will  be  by  1,6.  a  fourth  part  of  the  Tri¬ 
angle  FDG,  and  confequently  of.  the  Pentagon  propos’d 
ABCDE  ;  but  feeing  the  Point  H  falls  without  the 
‘Side  AB,  you  muft  change  the  Triangle  HDI,  into  the 

,  T  rape- 
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Trapezium  ALDI,  which  is  found  by  drawing  the  right 
Line  HI  parallel  to  the  Line  AD, 

PROBLEM  III. 


To  divide  a  Polygon  into  two  equal  PartSy  by  right  Lines 

parallel  to  its  Sides, 

» 

'T'O  divide  the  Pentagon,  for  inltapce,  ABODE,  into  pjat^  7, 
two  equal  Parts,  by  right  Lines  parallel  to  the  three  32.* 
Sides  BC,  CD,  DE.  Reduce  the  Pentagon  into  Tri¬ 
angles,  by  the  Diagonals  AC,  AD,  and  divide  by  Prob,  i. 

Chap,  2.  One  of  thofe  Triangles,  as  ABC,  into  two 
equal  Parts  by  the  right  Lines  FG,  .parallel  to  the  Side 
Be,  fo  that  the  Triangle  AFG,  may  be  equal  to  the 
Trapezium  FBCG,  and  then  if  you  draw  through  the 
Point  G,  the  right  Line  GH  parallel  to  the  Side  CD, 
and  thro’  the  Point  H,  the  right  Line  HI,  parallel  to  . 
the  Side  DE,  you  may  know  by  19,6.  that  the  Trian¬ 
gle  AGH,  is  alfo  equal  to  the  Trapezium  GCDH,  ^ 
and  in  like  manner  the  Triangle  AHI,  to  the  Trape¬ 
zium  HDEI,  and  then  the  Problem  is  done. 

SCHOLIUM. 

t 

Inftead  of  taking  the  Angle  A,  to  reduce  the  Polygon 
(  propofed  into  Triangles,  you  might  have  taken  any  other 
1  Point  at  pleafure  within  the  Figure,  as  F,  and  then  you 
need  only  look  upon  the  Figure  to  comprehend  the  reft,  and 
conceive  that  by  this  method,  you  may  divide  the  Poly¬ 
gon  propofed  into  as  many  equal  Parts  as  you  pleafe,  and 
that  the  fame  method  may  be  apply’d  to  Figures  of  three 
and  four  Sides, 

PROBLEM  IV. 

To  divide  a  given  Polygon  into  two  equal  Parts,  by  a  right 
Line  drawn  from  the  middle  of  one  of  its  Sides ^ 

TO  divide  into  two  equal  Parts  the  Pentagon  ABCDE, 

by  a  right  Line  drawn  from  the  middle  Point  N,  Fig,  Sd*, 
of  the  Side  AB,  Firft  reduce  the  Polygon  propofed 
into  a  Triangle  having  the  fame  Side,  and  the  fame 
Angle  A,  which  may  be  done  by  the  Principles  of  the 
foregoing  Lemma  as  you  ihajl  fee, 


Having 
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Flats  VIL  Having  drawn  from  the  Angle  C,  a  Line  CF  parallel  to 
86/  the  Diagonal  BD,  meeting  the  Side  DE,  produced,  in  F 
draw  the  right  Line  BF,  and  the  Pentagon  ABCDE,  w 
be  found  changed  into  the  Quadrilateral  Figure  ABF'* 
which  maybe  reduc’d  into  a  Triangle,  by  drawing  thro’ 
the  Point  E,  a  Line  EG,  parallel  to  the  Diagonal  AF, 
meeting  the  Side  BF  produc’d  in  G,  and  by  joining  the 
right  Line  AG,  for  the  Triangle  AGB,  will  be  equal  to 
the  Trapezium  propos’d  ABODE  :  But  when  there  is 
not  the  fame  Angle  A, draw  through  the  Point  F,  the  Line 
FH  parallel  to  the  Diagonal  BE,  or  which  is  as  well, 
through  the  Point  G,  a  Line  GH,  parallel  to  the  Side 
AB,  meeting  the  Side  AE  produc’d  in  the  Point  H, 
through  which  draw  to  the  Point  B,  the  right  Idne  HB, 
and  the  Triangle  AHB,  lhall  be  the  Triangle  fought, 
and  ^1.6.  fhall  be  divided  into  two  equal  Parts  by  the 
right  Line  HN,  cutting  the  Side  DE,  in  the  Point  1. 

This  preparation  being  made,  draw  from  the  Point  H, 
the  right  Line  HL  perpendicular  to  the  Side  DE,  and 
from  the  Point  N,  the  right  Line  NK,  perpendicular  to 
the  fame  Side  DE,  and  find  a  fourth  proportional  IM 
'  .  to  the  three  Lines  NK,  HL,  IE,  for  joining  the  right 

Line  MN,  that  will  divide  the  Pentagon  propofed  into 
two  equal  Parts,  fo  that  the  Trapezium  AEMN  fhall  be 
half  that  Polygon. 

DEMONSTRATION. 

Becaufe  the  four  Lines  NK,  HL,  IE,  IM,  are  propor-* 
tional  by  Conflruà,  the  Rectangle  of  the  extreams  NK, 
ÎM,  is  equal  to  the  Reélangle  of  the  means  HL,  IE, 
hy  i6.  6.  Wherefore  the  halves  of  thefe  Reâ:angles  which 
are  by  41.  i.  the  two  Triangles  IMN,  lEH,  are  equa^ 
adding  therefore  to  each  the  common  Trapezium  AEIN, 
you  will  foe  that  the  Trapezium  AEMN,  is  equal  to  the 
Triangle  AHN,  or  half  the  Pentagon  ABCDE.  Wbkh 
roas  Î0  be  demonQraied^ 

SCHOLIUM. 

This  Problem  may  eafily  be  refolved,  when  the 
84,  given  Polygon  is  regular  ;  for  if  it  be  an  Uneven 
one,  that  is,  made  up  of  an  uneven  Number  of 
Sides,  as  the  Pentagon  ABCDE,  you  may  only  draw 
from  the  Point  given  N,  to  the  oppofte  Angle  D,  the 
fight  Line  DN,  and  it  will  divide  the  Pentagon  propos’d 
into  t'wo  equal  Parts,  each  made  up  of  an  equal  Number 
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of  Angles  and  Sides  equal  to  one  another.  But  if  the  gi- . 
ven  Polygon  be  an  Even  one^  that  is  to  fay,  made  up  of 
an  even  number’ of  Sides,  as  the  Hexagon  ABCDEF, 

’ti  evident  you  have  no  more  to  do,  but  to  dra'w  from 
thi  middle  Point  N  of  the  Side  AB,  thro’  the  middle 
M  of  the  oppofite  and  parallel  Side  DE,  the  right  Line 
MN, 

PROBLEM  V. 

To  divide  a  given  Polygon  into  two  equal  Parts^  by  a  right 
Line  drawn  parallel  to  a  given  Side» 

TO  divide  the  Pentagon  ABODE,  into,  two  equal 
Parts,  by  a  right  Line  parallel  to  a  Side  AE  ;  re-  p- 
duce  the  given  Polygon  into .  a  Triangle  FDG,  which 
may  be  done  here,  hy  the  two  Lines  EF,  CG,  parallel 
to  the  two  Diagonals  DA,  DB,  and  having  bifeéled  the 
Bafe  FG,  in  the  Point  H,  join  the  right  Line  DH,  to 
gain  the  the  Triangle  FDH,  equal  to  half  the  Triangle 
FDG,  by  1.6.  or  the  Polygon  propofed  ABODE.  Draw 
from  the  Point  D,  the  right  Line  DI,  parallel  to  the 
given  Side  AE,  and  having  produced  the  Sides  AB^ 
DE,  till  they  inter feit  one  another,  as  at  R,  find  a 
mean  proportional  RL  between  the  Lines  RH,  RI,  and 
draw  thro’  the  Point  '  L,  a  parallel  LM,  to  the  given 
Side  AE,  and  that  will  divide  the  Pentagon  propofed  in¬ 
to  two  equal  Parts,  the  Trapezium  ALME,  and  the 
Pentagon  BCDML,  fo  that  one  of  thefe  two  Planes,  as 
the  Trapezium  ALME.  will  be  half  the  Pentagon 
ABODE. 

DEMONSTRATION. 

Becaufe  the  two  Triangles  RDI,  RML,  are  equian¬ 
gular,  the  Bafes  DI,  ML,  being  parallel,  by  Confir»  The 
Triangle  RML,  will  be  to  the  Triangle  RDI,  as  tfie 
fquare  of  the  Side  RL,  to  the  fquare  of  the  homologous 
Side  RI,  by  19.  6.  or  as  the  Line  RH,  to  the  Line  RI, 
by  Coroll.  20.  6.  RH,  RL,  RI  being  three  Proportionals  by 
Conflr,  or  as  the  Triangle  RDH  to  the  Triangle  RDI. 
Whence  it  follows,  that  the  Triangle  RML’  is  equal  to 
the  Triangle  RDH,  and  confequently  the  Triangle  DOM 
equal  to  the  Triangle  LOH,  and  the  Trapezium  ALME 
equal  to  the  Trapezium  AHDE,  or  the  Triangle  FDH, 
that  is  to  fay,  to  half  the  Polygon  propofed  ABODE. 

.  Which  was  to  be  Vemonflrated. 


SOHO- 
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SCHOLIUM. 

'  ’Tis  evident  that,  when  the  Polygon  propofed  Æall  bc! 
a  regular  one,  con^ofed  of  an  even  Number  of  Sides,  ass 
the  Hexagon  ABCDEF,  you  may  divide  it  into  twoi 
equal  Parts  by  a  Line  parallel  to  the  Side  AB,  by.draw— 
ing  through  the  two  Angles  Diametrically  oppofite,  and  I 
equaly  diftant  from  the  Side  given  AB,  namely  F,  C,, 
the  right  Line  FC,  which  being  parallel  to  the  Side  AB,, 
and  perpendicular  to  the  Line  MN,  and  palling  thro’  the  • 
middle  Points  M,  N,  of  the  two  oppofite  and  parallel  Sides 
DE,  AB,  divides  alfo  into  two  equal  Parts  the  Hexagon  > 
ABCDE,  which  by  this  method  is  found  divided  intoi 
four  equal  Parts,  by  the  two  Perpendiculars  MN, , 
FC. 

’Twill  be  eafie  alfo  to  divide  a  regular  Polygon,  made 
up  of  an  uneven  number  of  Sides,  into  four  equal  Parts, . 
by  two  Lines  Perpendicular  to  one  another,  as  the  Penta¬ 
gon  ABCDE,  namely  by  dividing  it  firft  into  two  equal 
Parts  by  the  Line  DN,  perpendicular  to  the  Side  AB, 
as  has  been  Ihewn  in  Prob,  4.  and  again  into  two  equal 
Parts  by  the  Line  FG  parallel  to  the  fame  Side  AB,  as 
lhall  be  fliewn, 

PROBLEM  VI. 

To  divide  a  Polygon  into  two  equal  Parts,  by  a  right  Line 
drawn  from  a  given  Point  in  a  Side. 

TO  divide  into  two  equal  Parts  the  Pentagon 
ABCDE,  by  a  right  Line  drawn  from  the  Point 
F,  given  in  the  Side  AB.  After  having  reduced  it  into 
the  Triangle  GDH,  by  the  Lines  EG,  CH,  parallel  to 
the  two  Diagonals  DA,  DB,  divide  tlie  Bafe  GH  into 
two  equal  Parts,  in  the  Point  I,  and  draw  through  the 
Point  I,  a  parallel  IK,  to  the  Line  DF,to  gain  the  Point 
K,  in  the  Side  CD,  through  which  and  the  Point  given  , 
F,  draw  the  right  Line  FK,  and  it  will  divide  the  j 
Polygon  propofed  ABCDE,  into  two  equal  Parts,  the'Pen- 
tagon  AFKDE,  and  the  Trapexium  BCKF,  fo  that  each 
of  the  two  Planes  will  be  half  the  Pentagon  ABCDE. 

DEMONSTRATION. 

Becaufe  the  Bafe  GI,  of  the  Triangle  GDI,  is  half  the 
Bafe  GH,  of  the  Triangle  GDH,  the  Triangle  GDI, 

will 
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will  be  by  i .  6.  half  the  T riangle  GDH,  or  Pentagon 
ABCDE,  and  becaufe  the  Pentagon  AFKDE,  is  equal 
to  the  Triangle  GDI,  the  Line  EG,  being  parallel  to  the 
Diagonal  DA,  by  Conflr,  and  making  the  Triangles  GLA, 

DLE,  equal  to  one  another  ;  and  the  Line  IK  parallel  to 
the  Diagonal  DF,  making  the  Triangles  FOI,  DOK 
equal  ;  whence  it  follows, that  the  fame  Pentagon  AFKDE, 
is  alfo  half  the  propofcd  one  ABCDE.  Which  tous  to  be 
demonfiraied* 

SCHOLIUM. 

’Tis  evident,  that  to  divide  the  Polygon  propofed 
ABCDE,  into  three  equal  Parts,  you  muft  take  the  Bafe  VIIL 
GI,  equal  to  a  third  part  of  the  Bafe  GH,  for  fo  the  Pen-  90* 
tagon  AFKDE,  will  be  a  third  of  the  propofed  ABCDE, 
and  confequently  the  Trapezium  BCKF  will  be  two 
thirds;  Wherefore  if  you  reduce  the  Trapezium  BCKF 
into  the  Triangle  FKN,  by  the  Line  CN  parallel  to  the 
Diagonal  KB,  and  divide  the  Bafe  FN  into  two  equal 
Parts  in  the  Point  M,  joining  the  right  Line  KM,  the 
Polygon  propofed  ABCDE,  will  be  found  divided  into 
three  equal  Parts  by  the  two  Lines  KF,  KM,  for  the 
Line  KM  divides  the  Trapezium  BCKF,  into  two  equal 
Parts,  feeing  by  r.  6.  the  Triangle  FKM  is  equal 
to  half  the  Triangle  FKN  equal  to  the  Trapezium 
BCKF. 

^Tis  evident  alfo  that  to  divide  into  two  equal  Parts, 
a  regular  Polygon  of  an  even  number  of  Sides,  for  In- 
feance,  the  Hexagone  ABCDEF,  by  a  right  Line  drawn 
from  the  Point  G,  given  in  the  Side  AB,  you  are  only 
to  take  in  the  oppofîte  and  parallel  Side  DE,  thé  Part  DH 
equal  to  the  Part  AG,  and  join  the  right  Line  GH,  and 
that  will  divide  the  Hexagon  propofed  ABCDEF,  into 
two  equal  Parts,  the  two  Pentagons  AGHEF,  BGHDC, 
which  you  may  divide  into  two  equal  Parts,  by  the  help 
of  Prob/,  4.  by  a  right  Line  drawn  from  the  middle  O  of 
the  common  Side  GH,  which  middle  O  is  the  Center  of 
the  Hexagon,  and  thus  you  have  the  Polygon  divided 
into  four  equal  Parts  by  right  Lines  drawn  from  the 
Center.  But  this  Divifion  may  be  much  eafier  after  this 
manner. 

To  divide  into  two  equal  Parts  the  Pentagon  BG 
HDC,  take  in  the  Sides  BC,  CD,  the  two  Lines  BK, 

Cl,  each  equal  to  the  Line  AG,  or  DH,  or  which  is  as 
well,  the  two  Parts  CK,  DI,  equal  each  of  them  to  the 
Part  BG  or  EH,  and  draw  the  Lines  OI,  OR,  and 

they 
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they  will  divide  the  Pentagon  into  three  equal  Parés  i 
Wherefere  to  divide  it  into  two  equal  Parts,  ’tis  only  di¬ 
viding  into  two  equal  Parts  that  of  the  middle,  that  is 
the  Trapezium  KOIC,  by  reducing  it  into  a  Triangle 
KOL,  by  the  Line  IL,  parallel  to  the  Diagonal  OC, 
and  by  dividing  the  Safe  KL  into  two  equal  Parts;  in 
the  Point  M,  to  join  the  right  Line  OM,  which  being 
produced  towards  N,  will  divide  each  of  the  two  Pen¬ 
tagons  AGHEF,  BGHDC,  into  two  equal  Parts,  and 
thus  the  Hexagon  propofed  will  l^e  found  divided  into 
four  equal  Parts  by  right  Lines  that  cut  one  another  in 
the  Center  O. 

PROBLEM  VII. 


'  To  divide  a  Polygofi  into  three  equal  Parts^  by  two  right 
Lines  drawn  from  two  given  Points  in  a  Side* 

Plate  V!IL  T  O  divide  into  three  equal  Parts  the  Pentagbh 
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ABCDE,  by  two  right  Lines  drawn  from  the  two 
Points  K,  M,  given  in  the  Side  AB*  Reduce  it  into  the 
Triangle  HDI,  by  the  two  Lines  EH,  Cl,  parallel  to 
the  two  Diagonals  DA,  DB,  and  having  taken  the  Line 
HL  equal  to  the  third  part  of  the  Bafe  HI,  draw  thro’  the 
Point  L,  the  Line  LF,  parallel  to  the  Line  DR,  and 
thro*  the  Point  F  to  the  given  Point  K,  the  Line  KF, 
which  will  cut  off  the  Pentagon  AKFDE,  equal  to  the 
Triangle  HDL,  or  the  third  Part  of  the  Polygon  pro¬ 
pofed  ABCDE,  as  has  been  demonftrated  in  Probh  6. 
There  remains  therefore  only  the  Trapezium  BRFC,  to 
be  divided  into  two  equal  Parts,  by  a  right  Line  drawn 
from  the  other  given  Point,  M,  which  may  be  done  af¬ 
ter  the  fame  manner,  as  you  fliall  fee  prefently.  Having 
reduced  the  Trapezium  BRFC  into  the  Triangle  RFO, 
by  the  Line  CO,  parallel  to  the  Diagonal  BD,  di¬ 
vide  the  Bafe  RO,  into  two  equal  Parts  at  the  Point 
N,  and  having  drawn  thro’  the  Point  N  the  right  Line 
NG  parallel  to  the  Line  FM,  draw  the  right  Line  MG, 
and  it  fhall  cut  off  the  Trapezium  RFGM  equal  to  the 
Triangle  RFN,  or  half  the  Trapezium  RFCB,  the 
Triangle  FPG  being  equal  to  the  Triangle  MPN, 
Whence  .it  follows,  that  each  of  the  two  Trapeziums 
RFGM,  MGCB,  is  a  third  part  of  the  Polygon  pro¬ 
pofed  ;  which  is  found  divided  into  three  equal  Parts  by 
the  Lines  RF ,  MG,  drawn  from  the  two  given  Points 
R,  M  ;  Which  was  to  be  done* 
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PROBLEM  VIII. 

To  divide  a  regular  Pentagon  into  three  ^  equal  Parts,  by  as 
many  right  Lines  drdvon  from  its  Center, 

TO  divide  into  three  equal  Parts  the  regular  Pen- 

tagon  ABODE,  by  three  right  Lines  drawn  from.^.^^ 
the  Center  F.  Take  on  each  of  the  two  Sides  BC,  AE,  ^  ^ 
their  third  Parts  AG,  BH,  and  draw  the  right  Lines 
FD  FG,  FH,  and  they  will  divide  the  Pentagon  pro- 
pofed  into  three  equal  Parts,  as  may  be  feen  by  dividing 
all  the  Sides  of  the  Pentagon  into  three  equal  Parts,  and 
drawing  from  the  Center  F  thro’  all  the  Points  of  Divi- 
(ion,  as  alfo  thro’  all  the  Angles  of  the  Pentagon,  as  ma¬ 
ny  right  Lines,  and  they  will  form  fifteen  little  Triangles 
by  38. 1,  of  which  each  of  three  Planes  terminated  by  thé 
three  right  Lines  FD,  FG,  FH,  will  comprehend 

PROBLEM  IX. 

To  divide  a  Polygon  into  two  Parts  of  a  given  Patio,  by 
a  right  Line  drawn  from  a  given  Angle. 

TO  divide  the  Pentagon  ABCDE  into  two  F^tts,  - 
whofe  Ratio  is  to  be  equal  to  that  of  the  two  gi- 
•ven  Lines  AF,  FG,  by  a  right  Line  drawn  from  a  given 
Angle  D.  Reduce  the  Polygon  propofed  into  the  Tri¬ 
angle  HDI,  whofe  Vertex  let  it  be  at  the  Angle  given  • 

D,  and  having  cut  the  Bafe  in  K,  fo  that  the  four  Lines 
AG,  AF,  HI,  HR  may  be  proportional,  draw  the  right 
Line  DK,  and  it  will  divide  the  Polygon  propofed  into 
two  equal  Parts  ARDE,  BRDC,  proportional  to  thé  ’ 
two  given  Lines  AF,  FG, 

*  DEMONSTRATION^ 

Becaufc  the  four  Lines  AG,  AF,  HI,  HR,  are  propor¬ 
tional,  by  Conflr,  you  may  know  by  dividing  that  the  four 
Lines  FG,  AF,  RI,  RH,  are  alfo  proportional  :  Where-^ 
fore  if  you  place  the  two  T  riangles  RDI,  RDH,  in  the 
room  of  the  two  laft  RI,  RH,  that  are  in  the  fame  Ra¬ 
tio,  by*  I.  6,  or  which  is  as  well,  placé  the  two  Trape¬ 
ziums  BRDC,  ARDE  in  the  room  of  the  two  Triangles, 
which  are  their  equals,  BMI  being  equal  to  the  Triangle 
CMD,  and  the  Triangle  ALH  being  equal  to  the  Tri¬ 
angle  DLE,  you  may  know  that  the  Ratio  of  the  two  ' 

Lines  FG,  AF  is  equal  to  that  of  the  tivo  Trapeziums 
BRDC,  ARDE*  Which  was  to  be  demonfirated* 
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LONGIMETRY. 

T  (7N’G/A45T'R'risfo  call’d,  becaüfe  it  teaches  how 
/  ^  to  meafure  Lengths,  or  right  Lines,  which  niay  be 
Accefftbk  diXià  Inacceffibk y  Horizontals  Vertical  Incli¬ 

ned  :  Acceffibk  ones  are  fuch  as  you  may  come  up  to 
at  one  of  their  Extremeties,  as  the  Breadth  of  a  River  : 
Jnaccejjtbk  ones  are  fuch,  whofe  extremeties  can  only  be 
jeen  at  a  diftance,  fuch  as  is  ordinarily  the  diftance  of 
two  Baftions  ;  Horizontal  ones  are  fuch  as  lie  on  the  Plane 
of  the  Horizon,  like  that  you  imagine  in  a  Plain  :  Ver¬ 
tical  ones  are  fuch  as  are  elevated  or  deprefled  below  the 
Horizon  perpendicularly,  as  Heights  and  Depths,  which 
♦  may  alfo  be  axceflible  and  inacceflible  :  And  the  Inclined 
ones  are  fuch  as  are  dope  or  are  elevated  at  oblique  and  un¬ 
equal  Angles  upon  the  Plane  of  the  Horizon,  as  the 
dope  of  an  Hill. 

Lines  may  be  meafured  two  ways,  with  or  without  Cal¬ 
culation.  If  ydu  would  meafure  them  by  Calculation, the 
bed  method  I  can  think  of  is  by  Trigonometry,*  to  mea¬ 
fure  the  Vifual  Angles  with  a  Semicircle^  or  Graphometer^ 
of  which  I  have  fpoken  in  the  Introdublion  to  Mathema¬ 
tics^  and  is  fo  common,  that  I  have  no  need  ..to  fpeakany 
morè  about  it.  I  lhall  content  my  ftlf  with  giving  you 
the  Figure  of  it. 

Wherein  the  Line  BC,  pading  through  the  Center  ol 
the  Inftrument,  A,  is  call’d  the  Line' of  Sights  and  ferves 
to  /hew  the  Degrees  of  the  Vifual  Angles  on  the  Limb  of 
the  Inftrument,  and  to  which  the  dits  of  the  two  Sights 
D,  E,  anfwer,  being  elevated  on  the  Alidade,  or  mova¬ 
ble  Rule  BC,  thro’  which  you  look  upon  diftant  Objets 
in  mealiiring  the  Quantity  of  the  Vifual  Angles. 


f  • 
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Or 
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Or  you  may  as  well  ufe  the  Unlvsrfàl  Inflrument^vàiQXQ  Plat&*JX, 
the  Degrees  of  a  Semicircle  are  alfo  marked.  But  when 
you  would  meafure  a  Line  without  Calculation,  you  have 
nothing  to  do,  but  to  find  the  ufual  Angles,  which  can  • 
indeed  never  be  found  exaéfly  ;  hence  in  working  by  the 
Angles,  there  is  always  fome  fmall  failure,  and  ’tis  dan¬ 
gerous  to  mifs  much,  when  the  Vifual  Angles  are  very  a- 
cute  or  obtufe.  In  this  Cafe  ’tis  befl:  to  thé  Univerfal 
Inflrumenty  which  is  a  Rectangular  Frame  of  Metal  or 
any  other  folid  Matter,  as  ABCD,  in  which  you  may 
place  or  remove,  as  you  pleafe,  one  or  more  pieces  of 
iHff  Paper  to  work  upon,  by  drawing  with  a  Point  right 
Lines  reprefenting  the  Vifual  Rays  along  the  Line  of 
Sight  EO  of  the  Alidad  FO,  that -is  moveable  not  on¬ 
ly  upon  its  Center  O,  but  alfo  along  the  Line  OH, 
which  I  fhall  call  the  Line  of  L>ireèiion^  under  which 
there  are  tw^o  Sights  like-  thefe  two  E,  G,  of  the  Alidad 
EO,  whofe  Line  of  Sight  contains  a  certain  Number  of 
equal  Parts,  and  fimilar  to  thofe  of  the  Line  of  Directi¬ 
on  OH  ;  which  reprefent  Feet,  Yards,  But  having 
already  publilhed  a  particular  Treatife  touching  the  Con- 
ftruCtion  and  ufe  of  this  Inftrument,  I  fiiall  only  fay  that 
this  Inftrument  contains  on  its  three  Sides  AD,  CD, 

BC,  the  Degrees  of  a  Semicircle,  whofe  Center  I  is  about 
the]  middle  of  the  Line  of  Direction  OH,  on  which 
the  Center  O  of  the  Alidad,  advances  when  the  Vifual 
Angles  are  to  be  meafur’d,  .  , 


PROBLEM  I. 

To  meafure  an  Horizontal  Line  accefftble  at  both  its 

extremities, 

'p  H  O’  the  Horizontal  Line  AB  be  acceffible  at  each 

of  its  extremities  A  and  B,  yet  I  will  fuppofe,  you  q*;  * 

can’t  run  all  along  the  Side  of  it,  for  fome  Precipice'  per- 
haps  between  the  extremities  A  and  B,  or  fome  other 
-impediment,  as  fome^  Water  between  them,  or  whatever 
it  be  that  hinders  the  aCfual.meafuring  it  with  a  Cord  or 
Chain.  In  this  Cafe  you  may  find  the  Length  after  this 
manner. 

Having  fixed  in  the  Ground  a  Stick  in  a  commodious 
Point  as  C,  from  whence  you  may  meafure  the  two 
Lines  CA,  CB,  produce  the  two  Lines  CA,  CB,  to  D 
,  and  E,  till  the  Line  CD  be  equal  to  one  of  the  t%vo 
CA,  CB,  for  iirftance  the  Line  CA,  and  the  other 
Line  CE  to  the  other  Line  CB,  and  meafure  the  Length 

F  2  ‘’«f 


6B  a  Treatife  of  Geome'Ïrÿ* 

Jointe  VIII,  OÏ  tlie  Line  DE,  which  ^  4.  i.  is  equal  to  the  propo- 

Fig,'  95.  fed  one  AB. 

Or,  which  is  as  well,  having  fixed  a  Stick  at  the  Point 
F,  taken  at  difcretion  on  the  Ground,mearure  with  a 
Chain  the  length  of  the  Line  «  AF,  and  with  a  Grapho- 
meter  -the  Qiiantity  of  the  Angle  BAF,  and.  make  at 
the  Point  B,  with  the  /ame  Graphometer  the  Angle 
ABG,  the  Supplement  of  the  Angle  BAF,  by  the  Line 
BG,  which  by  2§.  i.js  parallel  to  the  Line  A  F  ;  where¬ 
fore  if  you  rriake  it  equal  to  the  Line  AF,  and  meafure 
the  Length  of  the  Line  FG,  you  .will  have  the  Length 
of  the  propofed  one  ABj  ^  33*  i. 

P  R  O  B  L  E  M  II. 

To  meafure  dn  Horizontal  Line  Accejfible  only  at  one 

extremity, 

•• 

Plate  X,  T  ^  meafure  the  Line  AB,  that  I  fuppofe  acceffible  at 
97*  ^  right  Line  a  Stick  at  a  commodious  Point  /T 

of  the  Ground,  for  inftanee  C,  and  another  at  fome  o- 
ther  commodious  Place,  as  D,  fo  that  the  Diftance  CD, 
of  the  two  Points  C,  D,  called  the  Points  of  Station^  m^  • 
he  of  a  confiderable  Length,  in  regard  of  the  Line  BC, 
that  is  to  be  meafured,  for  if  that  Line  CD  be  fmalt  in  : 
refpeét  to  the  Line  fought.  AB,  or  BC,  the  Angle  BDC  i 
will  become  fo  big,  that  but  a  fmall  miftake  committed  ^ 
in  the  meafuring,  may  caufe  a  confiderable  one  in  the  ^ 
meafure  of  the  Line  BC. 

Having  therefore  meafured  with  a  Chain  the  Line 
CD,  which  we  will  fuppofe  125  Feet,  ai)d  with  a  Gra¬ 
phometer  or  fome  other  way  each  of  the 'Angles  BCD, 
BDC,  their  Sum  fubftraded  from  180  Degrees  will  give 
the  Angle  CBD,  ^  32.  i.  As  if  the  Angle  C  be  73 
Degrees,  and  the  Angle  D  5  8  Degrees,  the  third  Angle 
GBD  will  be  49  Degrees.  Wherefore  in  the  Triangle 
CBC,  knowing  the  Angles  and  the  Side  CD,  you  may 
find  by  Trigonometry  the  Side  BC,  by  making  this  Pro-  1 
portion.  •  1 


As  the  Sine  of  the  Angle  B 

7H7I 

to  its  oppofits  Side  CD  : 

12$ 

So  is  the  Sine  of  the  Angle  D 

84805 

to  its  oppofite  Side  BC 

f 

140 

• 

t 

Which 

/ 


» 
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Which  you  will  find  about  140  Feet,  from  whence  ta- 

king  the  Length  of  the  Line  AC,  for  inftance,  <52  Feet,  Fig,  gj, 

the  Remainder'  will  give  82  Feet  for  the  Quantity  of 

the  Line  propos’d  AB'. 

« 

.  I  ■' 

SCHOLIUM. 

•  t 

When  you  have  not  a  Table  of  Sines,  you  may  pro- 
tracl:  the  great  T riangle  BCD,  and  make  one  fimilar  to 
it  on  Paper  after  this  manner.  Draw  the  Line  GI  of 
125  èqual  Parts  taken  from  a  Scale,  for  the  125  Feet  of 
the  Line  CD,  and  make  at  its  Extremity  G,  an  Angle 
IGH  equal  to  the  Angle  BCD,  and  at  its  Extremity  I, 
the  Angle  GIH,  equal  to  the  Angle  CDB,  that  you  may 
get  a  fmall  Triangle  GHI  fimilar  to  the  great  one  BCD, 
fo  that  the  Side  GH  will  reprefent  the  Line  BC,  and  if 
you  apply  the  fame  Side  GH,  to  the  fame  Scale  with  a 
pair  of  Compafies,  the  number  of  equal  Parts  contained 
between  the  Points  of  the  Cpmpafiès  will  give  the  pum^ 
ber  of  Feet  in  the  Line  propos’d  BC. 

Since  you  may  make  the  Angle  at  the  Point  C  any 
number  of  Degrees  you  pleafe,  you  may  make  it  of  60 
Degrees  with  the  Line  CD,  in  which  choofeing  a  Point  as 
D,  that  the  Angle  BDC  likewife  may  be  6q‘  Degrees, 
the  Angle  CBD  alfo  will  be  60  Degrees,  and  by  6.  i.the 
Triangle  BCD  will  be  equilateral,  and  then  you  have 
no  more  to  do,  but  to  meafure  with  a  Chain  the  Length 
of  the  Line  CD,  to  obtain  that  of  the  Line  propos’d  BC, 

Or  you  may  make  at  the  Point  C  a  right  Angle  with' 
the  Line  CF,  in  which  you  may  cfioofe  a  Point,  as’  F, 
fo  that  the  Angle  CFB  may  be  a  Semi-right  or  of  45 
Degrees,  in  which  Cafe  the  Angle  CBF  will  alfo  be 
45  Degrees,  i.  and  by  6,  1.  the  Right-angled Tri- 

'!  angle  BCF  will  be  an  Ifofcples,  then  meafiiring  with  a 
•j  '  Chain  the  Length  of  the  Line  CF,  you  will  have  the 
il  Length  of  the  propofed  dnp  BC. 

I  If  the  Ground  ‘vvih  not  permit  you  to  approach  F,  feek 
t  in  the  fame  Line  CF,  the  Point  E,  fo  that  the  Anglg 
)|  CEB  may  be. 60  Degrees,  and  then  the  Line  EB  will 
i  be  double  the  Line  EC,  by  Prop*  Chap*  3*  X,  i^Trigon*, 
Wherefore  if  you  meafure  with  a  Chain  the  Line  EC,  : 
its  double  will  give  the  Line  EB,  whofe  Square  Iplfen’d 
by  the  Square  EC  will  leave  the  Square  BG  ;  by  4.y.  i, 
and  the  Square  Root  of  that  remainder  will  conlbquently 
give  the  Line  fought  BC. 
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Laflly-,  if  it  be  not  commodious  to  make  at  the  Point 
C,  with  the  Line  BQ  an  Angle  of  60  or  çsl  Degrees, 
make  one  of  what  degrees  you  pleafe,  fuppofe  73,  fo  that 
the  Angle  BCD  is  73  Degrees,  then  leek  in  the  Line  CD, 
a  Point  as  D,  that  the  Angle  CDB  may  be  53.°  30^ 
namely  the  complement  of  half  the  preceeding  BCD, 
for  ’tis  eafie  to  demonftYate,  that  in  this  Cafe  the  Line 
CD  will  be  equal  to  the  purpofed  one  BC,  and  then 
meafuring  with  a  Chain  the  Line  C32),  you  will  have 
the  Line  BC  requir’d. 

But  the  Line  propos’d  AB  may  be  found  immediate¬ 
ly,  making  at  the  extremity  A,  the  Angle  BAD  of  any 
magnitude  at  pleafure,  with  the  Line  AD  of  any  length, 
and  meafuring  the  Angle  ADB,  to  make,  in  the  Trian¬ 
gle  ADB,  where  the  Angles  and  Side  CD  are  known, 
this  Proportion 

As  the  Sine  of  the  Angle  By 
to  the  oppofite  Side  AD  ; 

So  is  the  Sine  of  the  Angle  D, 
to  its  oppofite'  Side  AB» 

PROBLEM  III. 

To  meafure  ctn  inacceffible  Hori^ontdd  Line, 

TO  meafure  the  inacceffible  Line  AB,  ere(îf  two 
Sticks  at  the  two  Points  C,  D,  taken  at  Difcreti- 
on,  fo  that  if  poffible,  one  of  the  Points,  as  C,  may  be 
in  a  right  Line  with  that  which  is  to  be  meafur’d  AB, 
finding  with  a  Chain  the  Line  CD,  which  fhould  be  of 
a  reafonable  Length  and  proportion’d  to  the  Line  AB 
that  is  to  be  meafur’d,  and  by  a  Graphometer  the  An¬ 
gles  C,  CD  A,  ADB  ;  fubftraft  from  180  Degrees  the 
Sum  of  the  two  Angles  C,  and  CDA,,  to  get  the  An¬ 
gle  CAD,  and  from  thence  the  Angle  ÀDB,  to  get  the 
Angle  B.  Then  in  the  Triangle  CAD,  knowing  the 
Angles  and  the  Side  CD,  you  may  find  the  Side  AD,  1 
by  this  Proportion,  ^  ,  i 

f  • 

As  the  Sine  of  the  Angle  Ay 
to  its  oppofite  Side  CD  ; 

So  is  the  Sine  of  the  Angle  C, 
to  its  oppofite  Side  AD. 

And  in  the  Triangle  ADB  knowing  befides  the  Angles 
the^  Side  AD,  you  may  find  the  Line  fought  AB,  by 
making  this  Proportion, 
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As  the  Sine  of  the  Angle  B,  ^ 

To  its  oppofite  Side  AD  ; 

So  is  the  Sine  of  the  Angle  D, 

To  its  oppofite  Side  AB, 

But  if  the  Point  of  Station  C  be  not  in  a  right  Line,  ^ 
with  the  Line  to  be  meafured  AB,  produce  each  of  the  p:ç. 
two  Lines  AC,  BC,  to  E  and  D,  till  the  two  Lines  CD, 

CE  be  each  of  a  known  Length,  and  meafure  the  two  An^ 
gles  ADB,  AEB,  which  fubftra(51:ed  from  the  Angle  ACB, 
will  give  the  Angles  CAD,  CBE,  by  32.  i.  and  in  the 
Triangle  ADC,  you  may  find  the  Side  AC  by  this  prO“ 
portion. 

As  th  Sine  of  the  Angle  A^  « 

To  its  oppofite  Side  CD  ; 

So  is  the  Sine  of  the  Angle  jP,  • 

To  its  oppofite  Side  AC,  n  ' 

In  like  manner  in  the  Triangle  BCE,  you  may  fipd 
the  Side  BC,  by  this  Proportion,  ^ 

As  the  Sine  of  the  Angle  -B, 

To  its  oppofite  Side  CE  ; 

'  So  Ü  the  Sine  of  the  Angle  Ey 
To  its  oppofite  Side  BC^ 


Then  in  the  Triangle  ACB,  you  know  the  two  Sides 
AC,  BC,  and  the  Angle  contain’d  ACB,  which  is  enough 
to  find  the  two  others  A  and  B,  and  the  third  Sidp  or 
Line  AB  fought. 

SCHOLIUM. 

There  is  no  need  of  Trigonometry,  in  the  Lines 
AC,  BC,  produced,  you  take  the  two  Points  D,  E,  fq 
as  that  each  of  the  two  Angles  ADB,  AEB,  be  half  the 
Angle  ACB,  becaufe  in  this  cafe  the  Line  fought  AB 
will  be  equal  to  the  Line  DE,  whofe  Length  rnay  readily 
be  found  by  a  Chain,  as  may  eafily  be  demonftrated. 

If  the  Ground  will  not  permit  you  to  produce  the  Lines 
AC,  BC,  make  at  the  Point  C,  with  ^he  Line  AC,  an 
Angle  of  what  bignefs  you  pleafe  with  the  Line  CF  of  an  . 
arbitrary  Length,  and  meafure  the  Angle  F,  then  in  the 
Triangle  ACF,  where  befidesthe  Angles,  the  Side  CF 
is  known,  you  may  find  the  Side  4C|  In  like  manner 
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make  at  the  fame  Point  C,  with  the  Line  BC,  an  An¬ 
gle  at  pleafure  with  the  Line  CG  of  a  kno’wn  Bignels, 
and  meafure  the  Angle  G,  then  in  the  Triangle  BCG, 
where  the  Angles  and  Sides  ÇG  being  known,  you  may 
®  find  the  Side  BC,  after  which  you  may  find  the  Side  AB,. 
in  the  Triangle  ABC,  having  three  things  known,  name- 
,  ly,  the  two  Sides  AC,  BC,  and  the  Angle  contain’d 
ACB. 

The  fame  inacceffible  Line  AB,  may  be  meafured  other- 
ways  ftill,  as  /hall  be  /hewn.  Having  chofen  the  two 
Points  of  Station,  Dj.E,  whofe  DiftanccfDE  may  be  found, 

*  meafure  the  Angles  ADB,  EDB,  AEB,  AED,  and  fubftra<ft 
from  I  Bo  Degrees  the  Sum  of  three  ADB,  BDE,  AED, 
to  get  the  Angle  DAE,  in  like  manner  the  three  Angle 
AEB,  AED,  BDE,  to  get  the  Angle  DBE.  Then  in 
the  Triangle  ADE,  knowing  the  Angles  and  Side  DE, 
you  may  find  the  Side  AD,  and  in  the  Triangle  DEB, 
o  .  knowing  the  Angles  and  Side  DE>  you  may  find  the  Side 
BD.  And  laftly  in  the  Triangle  ADB  knowing  the  Sides 
AD,  BD,  and  the  Angle  contain’d  ADB,  you  may  find 
the  Side  AB  :  Or  in  the  Triangle  DBE,  knowing  the 
Angles  and  Side  DE,  you  may  find  the  Side  AE,  and  in 
the  Triangle  DBE,  knowing  the  Angles,  and  Side  DE, 
you  may  find  the  Side  BE  :  Laftly,  in  the  Triangle  ABE, 
knowing  the  two  Sides  AE,  BE,  and  the  Angle  contain¬ 
ed  AEB,  you  may  find  the  third  Side  AB. 

This  Line  may  be  meafured  very  eafily  by  the  Univerfal 
Inftrument  thus.  Take  upon  the  Ground  two  Points  of 
Station,  at  a  confiderable  Diftance  from  one  another,  and 
fo  near  the  Line  AB,  that  is  to  be  meafured,  as  that  the 
vifual  P^ays  may  crofs  one  another  on  the  Plane  of  the 
Univerfal  Inftrument,  as  D,  E,  whofe  Diftance  DE  ought 
to  be  exaftly  meafured  by  a  Chain,  or  fome  other  'way  r 
let  us  fuppofe  it  150  Yards.  Having  fix’d  the  Center  oi 
the  Alidad  and  Univerfal  Inftrument  in  an  advantagiqus 
Point  of  the  Line  of  Direftion  as  in  i,  .apply  the  Inftru¬ 
ment  fo  that  the  Point  d  may  anfwer  perpendicularly  U 
the  Point  D,  and  the  Line  of  Direftion  to  the  Line  DE, 
which  may  eafily  done  by  looking  downwards  thro’  the 
Sights  ;  and  having  turn’d  the  Alidad  towards  the  two 
Extremities  A,  B,  of  the  Line  AB,  that  is  to  be  meafure  ’ 
draw  on  the  Surface  of  the  Inftrument  along  the  Line  ot 
Sight  the  two  vifual  Rays  dA,  dB. 

Then,  becaufe  we  fuppofed  the  Line  DE  to  be  i<^o 
Yards^  advance  the  Center  of  the  moveable  Rule  or  Ali¬ 
dad  1^0  equal  Parts  of  the  Line  of  Direftion  from  d  toe, 
and  apply  again  the  Univerfal  Inftrument,  fo  as  that  the 

Point 
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Point  e  may  correfpond  perpendicularly  with  the  Point 
E,  .and  the  Line  of  Direftion  ie  to  the  Line  DE,  that  you 
may  turn  as  before  the  Alidad  towards  the  Extremities 
A,  B  of  the  Line  AB,  that  is  to  be  meafured,  and  draw 
after  the'  fame  manner  on  the  Surface  of  the  Inftrument 
along  the  Line  of  Sight,  the  two  Lines  or  vifual  Rays 
ea^  eby  whofe  Diftance  ab  being  taken  upon  the  I^ine  of 
Direction  will  give,  by  the  number  of  equal  Parts,  it 
contains,  the  number  of  Yards  in  the  Line  propofed  AB. 

At  the  fame  time  you  may  find  the  length  of  the  Lines 
DA,  DB,  EA,  EB,  by  applying  the  Alidad  upon  the 
Lines  da^  db,  ea,  eby  by  this  means  you  will  find  on  the 
Divifions  of  the  Line  of  Sight  the  number  of  Yards, 
thofe  Lines  contain.  Thus  you  fee  that  by  the  help  of 
the  Univerfal  Inftrument  you  may  meafure  five  Lines  at 
once  with  all  poflible  exacftnefs. 

It  may  fometimes  happen,  that  the  two  Extremities  xL 
of  the  Line  to  be  meafured  AB,  can’t  be  feen  from  the 
fame  Point  of  Station  ;  as  here,  becaule  of  a  Ravelin  ‘ 
between,  you  can  only  fee*  the  Extremity  A,  from  the 
Point  C,  and  the  Extremity  B,  from  the  Point  D.  In 
this  Cafe  having  meafured  with  a  Semicircle  the  Angles 
ACD,  CDB,  and  the?  Line  CD  with  a  Chain,  make 
at  pleafure  at  the  Point  C,  an  Angle*  ACE,  with  the 
Line  CE,  of  any  given  bignefs,  that  by  meafuring  the 
Angle  E,  there  may  be  known  in  the  Triangle  AEC,  the 
Side  AC,  and  in  the  T riangle  ACD,  the  Side  AD,  and 
angle  CD  A,  which  taken  from  the  Angle  CDB,  will 
leave  the  Angle  ADB.  Laftly  at  the  Point  D,  make 
the  Angle  BDF  at  Diferetion,  comprehended  by  the 
Line  BD,  and  the  Line  DF  of  an  arbitrary  length,  that 
by  meafuring  the  Angle  F,  you  may  find  in  the  T riangle 
BDF,  the  Side  BD,  and  then  in  the  Triangle  ADB,  the 
Line  fought  AB,  by  Calculation. 

P  R  O  B  L  E  M  IV. 

To  meafure  an  Horl':(ontal  Line  from  above, 

TO  meafure  from  the  Point  C  the  Horizontal  Line  joj, 
AB,  whofe  extremity  A  anfwers  perpendicularly 
vto  the  Point  C,  meafure  with  a  Semicircle  the  Angle 
ACB,  and  by  the  help  oi  a  Plummet  let  down  from  C, 
the  height  AC,  that  you  may  have  in  the  T riangle  ACB, 
Right-angled  in  A,  belides  the  Angles  known,  the  Side 
AC,  which  with  the  vifual  Angle  ABC,  will  ferve  to 
find  the  Line  AB,  by  making  this  Propottipn, 

As 
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As  the  Radius 

To  the  Tangent  of  the  vifual  Angle  ACB  ; 

Y(7  zs  the  Height  AC^ 

To  the  Line  AB,  ^ 

But  if  you  would  meafure  that  Line  with  the  Univer-p 
fal  Inftrument,  place  the  Center  of  the  Alidad  at  the 
Point  O  dillant  from  the  Point  E,  as  many  equal  Parts 
of  the  Line  of  Direction,  as  the  Height  AC  contains 
Feet.  Then  apply  the  Point  O,  to  the  Point  C,  fo  as 
that  the  Line  of  Sight  EO  may  he  perpendicular,  and 
the  Inftrument  remaining  in  this  Situation,  turn  the  AIL 
dad  toward  the  Extremity  of  the  Line  to  be  meafured 
AB,  and  draw  on  the  Surface  of  the  Inftrument  along  the 
Line  of  Sight  the  right  Line  OF,  which  will  determine 
the  Line  EF,  whofe  Length  apply’d  to  the  Line  of  DL 
reilionwill  give,  in  the  number  of  equal  Parts  it  con-?  ‘ 
tains,  the  number  of  Feet  in  the  Line  propofed  AB, 

« 

SCHOLIUM. 

Sometimes  the  vifual  Ray  cuts  the  Side  EG,  without 
the  Inftrument,  as  in  the  Point  H  here,  beyond  the  Point 
G,  for  the  meafure  of  the  Line  AD.  In  this  Cafe,  be^ 
caiife  you  can’t  apply  the  Line  EH  to  the  Line  of  Dire- 
élion,  to  fin'd  the  number  of  equal  Parts  it  contains,  be- 
caufe  you  have  not  the  Point  of  Interfedrion  H,  you  may 
find  the  number  by  the  Golden  Rule  thus. 

Draw  in  your  Imagination  from  the  Point  O,  the  Line 
OK.,  parallel  to  the  Side  EG,  and  fubftracfting  the  Num¬ 
ber  of  equal  Parts  in  the  Line  GI,  from  that  in  the 
Line  GK,  or  EG,  you  will  have  the  Number  of  equal 
Parts  in  the  Line  IR  ;  and  becaufe  we  know  that  of  the 
Line  CR,  or  EG,  applying  its  Length  to  the  Line  of 
Direction  in  the  fimilar  Triangles  OKI,  OFH,  reafon 
thus,  if  the  Number  of  equal  Parts  in  the  Line  IK,  give 
fo  much  for  the  Number  of  equal  Parts  in  the  Line  CK, 
how  much  will  the  Number  of  equal  Parts  in  the  Line 
CE  give  ?  And  you  will  find  the  number  of  equal  Parts 
in  the  Line  EH,  or  the  Number  of  Feet  in  the  Line 
fought  AD. 

We  have  rupjjofcd  that  the  Extremity  A  of  the  Line 
to  be  meafured,  anfwers  perpendicularly  to  the  given. 
Ppint  C. 

But 

\ 
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But  now  we  will  fuppofe  that  it  does  not,  as  if  you  Vlaie  XI.  ' 
were  to  meafure  by  Trigonometry  the  Line  BD.  FirftF/^.  loi. 
then  meafure  with  a  Semi-circle  the  viHial  Angle  ACD, 
to  find  by  the  help  of  that  the  whole  jLine  AD,  by  a  pro¬ 
portion  Similar  to  the  former,  which  gives  us  the  Line 
AB,  which  taken  from  the  Line  AD  gives  the  Line  BD, 
which  may  be  found  immediately  by  drayying  from  the 
two  Proportions,  that  are  to  be  made  to  fipd  the  Lines 
AB,  AD,  one  fingle  Proportion  as  the  following  one. 

As.  the  Radius 

To  the  difference  of  the  Tangent  of  the  Vifnal  • 

Angles  ACBy  ACD^ 

So  is  the  Heig  ht  ACy 

•  To  the  Line  BD, 

» 

The  Demonftration  of  this  Proportion  will  be  evident 
to  any  one  that  confiders  the  fide  AC  common  to  the  two 
right  Angled  Triangles  CAB,  CAD,  being  taken  for 
the  Radius,  the  two  Lines  AB,  AD,  are  Tangents  of 
the  vifual  Angles  ACB,  ACD,  and  confec^uently  othe 
Line  BD  is  the  difference  of  the  Tangents. 

PROBLEM  V. 

To  meafure  from  above  an  inclined  Line» 

• 

'T'O  meafure  the  inclin’d  Line  AB  without  going  out  of  L^g,  iq2o 
the  Tower 'DE,  to  which  I  fuppofe  it  direéfly  op- 
pofite,  fo  as  that  the  two  Lines  AB,  DE,  may  be  in  the 
the  fame  Plane  ;  choofe  two  advantageous  Places,  as  the 
two  Windows  C,  D,  to  make  your  Stations  at,  and  mea¬ 
fure  with  a  String  their  diftance  CD,  that  ought  to  be 
as  great  as  poflible,  and  with  a  Semi-circle  the  Angles 
ECA,  ECB,  EDA,  EDB,  which  being  thus  known,  the 
Angles  CAD,  and  CBD,  will  be  alfo  known,  as  alfo  the 
Angles  ACB,  ADB  ;  becaufe  the  Angle  CAD,  is  equal 
to  the  difference  of  ECA,  and  EDA,  ^32.  i.  and  the 
Angle  CBD  to  the  difference  of  ECB,  and  EDB,  and  the 
Angle  ACB  is  equal  to  the  difference  of  ECA,  ECB, 
and  in  like  manner  the  Angle  ADB  to  the  difference  of 
EDA,  EDB.  This  being  fuppos’d,  you  may  find  in  the 
Triangle  ACD,  the  fide  AC,  and  in  the  Triangle  BCD, 
the  fide  BC,  and  laftly  in  the  Triangle  ACB  the  fide 
fought  AB. 
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S  C  H  O  L  I  U  M. 

The  Univerfal  Inftrument  may  alfo  fervc  very  well  to 
meafure  the  Line  AB,  which  is  fo  ealily  conceiv’d  by 
what  has  been  faid  above,  that  ’tis  needlefs  to  give  a 
particular  Example,  I  lhall  only  fay  that,  to  make  the 
vifual  Rays  cut  one  another  on  the  Inftrument,  the  di- 
ilance  CD  of  the  Stations  ought  not  to  be  too  fmall  com¬ 
pared  with  the  Line  to  be  meafured  AB. 

It  feems  needlefs  alfo  to  tell  you,  that  you  may  after 
*  the  fame  manner  meafure  from  an  eminence  the  Length 
of  a  Roof^  the  Breadth  of  a  Meadow,  the  Height  of  a 
•  .  Caftle,  a  Houfe  and  any  other  Line,  whofe  Extremities 
Ihall  be  in  a  right  Line  with  the  Height  ED. 

PROBLEM  VI. 

To  meafure  on  the  Ground  below  a  line  parallel  tOy  and 
elevated  above  the  Hori-^^on, 

♦ 

X//,  '"T^H  E  Horizontal  Line  AB,  that  reprefents  in  this 
103,  J|[  cafe  the  diftance  of  the  two  Windows,  may  be  mea¬ 

fured  very  eafily  by  the  help  of  the  Univerfal  Inftrument 
after  this  manner. 

,  Having  chofen  on  the  Ground  the  two  Points  of  Sta- 
*  tion  C,  D,  which  ftiould  be  as  nigh  as  may  be  in  a 
Line  parallel  to  the  Line  AB  propos’d,  which  is  eaf^ 
enough  in  this  Example.  Place  in  the  ftrft  Station  C, 
the  Univerfal  Inftrument,  fo  as  that  its  Line  of  Direction 
may  be  parallel  to  the  Line  CD,  which  may  be  eafily 
done,  by  ereéVing  at  the  points  C,  D,  two  Sticks  per* 
pendicularly  of  the  fame  Height,  as  of  three  or  four 
Feet,  that  is  to  fay  of  an  Height  equal  to  that  of  the 
Foot  or  Staff  that  fuftains  the  Inftrument,  and  while  you 
view  thro’  the  lower  Sights,  the  Stick  erefted  at  D,  the 
Inftrument  being  at  C,  and  the  Alidad  at  the  point  E, 
anfwering  perpendicularly  to  the  point  C,  look  thro’  the 
Sights  of  the  Alidad  at  the  Extremities  A,  B,  of  the 
Line  AB  that  is  to  be  meafured,  and  draw  along  the 
Line  of  Sight  on  the  Surface  of  the  Inftrument  the  two 
Lines  EG,  EH.  Then  make  a  fécond  Station  at  D., 
when  the  Inftrument  being  placed  as  before,  fo  as  that 
when  the  Alidad  fhall  be  advanced  from  E  to  F,  as 
many  equal  Parts  as  the  Line  CD  contains  Feet,  the 
point  F  anfwers  perpendicularly  to  the  point  D,‘ view  after 
the  fame  manner  the  fame  Extremities  AB,  and  draw  on 
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that  Surface  ot  the  Inftrument  along  the  Line  of  SightPIdte  XIU 
the  Lines  Va,  Vb,  that  crofs  there,  the  two  firft  drawn  103. 
from  the  point  E  to  the  points  a,  b,  whofe  dlilance  be- 
ing  applied  to  the  Line  of  Dire61ton  will  give  by  the 
number  of  equal  Parts  thus  found,  the  number  of  Feet 
contain’d  in  the  Line  propos’d  AB. 

The  Line  AB  may  1^  meafured  by  Trigonometry, 
thus,  meafuring  with  a  Semi-circle  the  vifual  Angles 
formed  at  the  two  Points  E,  F,  and  with  a  Chain  the 
length  of  the  Line  CD,  which  will  give  that  of  its  equal 
and  parallel  EF  ;  and  then  in  tlie  Triangle  EBF,  know¬ 
ing  the  Angles  and  the  Side  EF,  you  may  find  the  fide 
BF  ;  and  in  like  manner  in  the  Triangle  EAF,  knowing 
befides  the  Angles,  the  fide  EF,  you  may  find  the  fide  AE, 
and  laftly  in  the  Triangle  BAEj  knowing  the  fides  AE, 

BE,  and  the  Angle  contain’d  AEB,  you  «may  find  the 
third  Side,  or  the  Line  fought  AB  ;  or  in  the  Triangle  • 

.EBF,  you  may  find  the  Side  BF,  and  in  the  Triangle 
EAF  the  fide  AF,  and  laftly  in  the  Triangle  ABF  the 
Line  propos  d  AB.  ^ 

PROBLEM  VII. 

To  meafurs  an  accejftble  Height, 


AN  acceflible  Fleight 'may  be  meafured  feveral  waySjjr;^^ 

^  when  the  Ground  is  level  and  fmooth  :  But  I  ihall  on¬ 
ly  mention  fuch  as  may  be  iifeful,  eafily  put  in  Pra<51:ice, 
and  agreeable  to  the  Height.  .  , 

To  meafure  the  acceftible  Height  AB,  firft  with  the 
Univerfal  Inftrument,  choofe  the  point  of  Station  C  as  far 
diftant,  as  you  can,  from  the  Bale  B  of  the  Height  AB 
to  be  meafured,  for  a  Reafon,  that  the  courfe  of  the  Ope¬ 
ration  will  eafily  let  you  fee.  Having  therefore  placed 
the  Univerfal  Inftrurnent  at  the  point  C,  fo  as  that  the 
Line  of  Direction  EF,  may  be  parallel  to  the  Horizon 
BC,  and  that,  when  the  Alidad  Ihall  be  advanced  from  F 
to  E,  as  many  equal  Parts  as  the  Line  BC,  which  you 
may  meafure  with  a  Chain,  contains  Feet,  the  point  E  ’ 
may  anfwer  perpendicularly  to  the  point  C  :  and  having 
turned  the  Alidad  towards  the  top  A  of  the  Height  to  be  • 
meafured  AB,  which  is  done  by  viewing  the  top  A  thro’ 
th.e  Sights  of  the  Alidad,  make  a  point  G,  whence  the 
Alidad  cuts  the  fide  FA,  that  I  fuppofe  perpendicular  to 
the  other  fide  EF,  and  then  the  Part  FG  being  meafured 
on  the  Line  ofDiredioniEF,  the  number  of  equal  Parts 
fo  found  fhall  be  the  number  of  Feet  in  the  Height  of 

^  •  the 
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Plate  XIL  the  point  A  above  the  point that  is  to  fay,  the  Height 
Pzg,  lor.  AD,  continning  the  Line  EF  parallel  to  the  Horizon  to 
D  ;  wherefore  if  to  this  Height  AD  thus  found,  you  add 
the  Height  BD,  or  CE,  you  will  have  the  Height  fought 
AB« 


If  you  would  find  the  Height  AB  by  Trigonometry, 
meafure  with  a  Semi-circle  the  viflial  Angle  AED,  and 
with  a  Chain  the  Line  BC  equal  to  the  Line  DE,  that 
in  the  T riangle  ADE  right  Angled  at  D,  you  may  find 
firft  the  fide  AD'.by  this  Proportion, 


As  the  Radius, 

To  the  Tangent  of  the  vifual  Angles  AED, 
So  i s  the  Side  -DE 

To  the  Height  AD, 


When  the  Height  AB  is  not  very  great,  you  may 
meafure  it  with  exaffcnefs  enough  by  its  fiiadow,  fuppofe 
BM. 

For  if  you  mark  at  the  fame  time  the  Shadow  IL, 
of  the  Stick  IK,  ereéled  perpendicularly  on  the  Horizon, 
the  two  Shadows  IL,  BM,  being  bounded  by  the  two 
Rays  of  the  Sun  KL,  AM,  that  may  pafs  for  Parallels, 
make  the  two  Rlight  Angled  Triangles  KIL,  ABM  Simi¬ 
lar,  and  then  you  may  find  the  Height  AB,  by  making 
this  Proportion,  • 


As  the  Shadow  of  the  Staff,  IL, 
To  its  Height  IX., 

So  is  the  Shadow  JBM, 

To  the  Height  AB, 


But  to  find  this  Height  with  more  exaftnefs,  you  muft 
take  with  a  Semi-circle,  or  fome  other  way,  the  Height 
of  the  Sun,  which  will  giv6  the  Angle  AMB,  which  to¬ 
gether  with  the  Shadow  BM  being  known,  you  may  find 
by  Trigonometry  the  Height  AB,  by  making  this  Pro¬ 
portion, 

As  the  Radius, 

To  the  Tangent  of  the  Sun* s  Height  ; 

So  is  the  Length  of  the  Shadow  BM^ 

To  the  Height  fought  AB, 

When  the  Height  AB  is  but  fmall,  you  may  meafure 
it  pretty  exaélly  by  reflexion  thus  ;  Place  a  fmall  piece 
of  Glafs  in  an  Horizontal  Situation,  b|it  as  that  is  diffi- 

■  cult 
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cult  to  do,  and.  an  in  fenfible  error  here  may  êaufe  a  Fîate  XIL 
confiderable  one  in  the  meafure  of  the  Height  AB,  in- 1%.  104* 
fteadof  a  Glafs  you  had  better  ufe  Water,  that  always 
retains  an  Horizontal  Situation.  Placing  Water  there¬ 
fore,  for  inftance  at  M,  retiré  till  being  at  O,  and  your 
Eye  in  N  of  the  'kay  of  Reflexion  MN,  you  fee  the  top  A 
by  reflexion  in  the  Water,  and  then,  the  Angle  of  Reflexion 
OMN,  being  equal  to  the  Angle  of  Incidence  AMB,  the 
two  Right  Angled  Triangles  ABM,  MON,  will  be  Si¬ 
milar,  wherefore  you  may  And  the  Height  AB,  by  mea- 
furing  with  exaftnefs  the  diftances  MB,  MO,  and  Height 
of  the  Eye  ON,  and  by  making  this  Proportion, 

As  the  Diflance  MO, 

To  the  Diflance  MB  ; 

So  is  the  Height  NO, 

To  the  Height  AB,  ■ 

PROBLEM  VIIL 

To  meafure  an  inaccefftble  Height, 

AN  inacceflfible  Height  may  be  meafured,  juft  as  if  it 
^  were  an  acceflible  one,  when  the  Bafe  can  be  feen, 
becanfe  the  diftance  of  the  Bafe  from  the  Point  of  Station 
may  be  found  by  ProbJ.  2.  and  the  reft  may  be  done  by 
what  has  been  already  Taught.  But  when  the  Bafe  is 
invifible,  two  Points  of  Station  muft  be  taken  in  a  right 
Line  with  the  Height  to  be  meafur’d,  that  is  to  fay, 
fo  as  that  the  Line  of  the  two  Srations,  and  that  you 
would  meafure,  may  be  in  the  fame  Plane,  as  you  lliall 
fee. 

To  meafure  therefore  the  inacceffible  Height  AB,  firft 
by  help  of  the  Univerfal  Inftrument,  having  fixed  the  Cen- 
ter  of  the  Alidad  at  an  advantageous  Point  of  the  Line 
of  Direftion  EF,  as  at  E,  and  having  chofen  in  the 
Field  two  Points  of  Station  on  a  level  and  in  a  right 
Line  with  the  Bafe  B  of  the  Height  AB  to  be  meafu¬ 
red,  which  may  be  eafily  done,  tho*  the  Bafe  B  be  not 
vifible,  as  CD,  which  ought  to  be  diftant  from  one  ano¬ 
ther  more  or  lefs,  as  the  Height  AB  is  greater  or  lefs  ; 
ereél  perpendicularly  the  Univerfal  Inftrument,  fo  as  that 
the  Point  E  may  anfwer  perpendicularly  to  the  Point  of 
Station  C,  and  the  Line  of  Direction  £F  may  be  pa¬ 
rallel  to  the  Horizon  CD,  and  the  Alidad  being  turned 
toward  the  Top  A,  draw  on  the  Surface  of  the  Inftru¬ 
ment  along  the  Line  of  Sight,  the  right  Line  EH.  Then 

advance 
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^îate  Xlk  ^^vance  the  Center  of  the  Alidad  from  E  to  F,  as  many, 
105.  the  Line  CD  contains  Feet  or  Yards,, 

^  and  having  erefted  the  Univerfal  Inftrument  perpendicu-* 

larly,  lb  that  the  Point  F  anfwer  perpendicularly  to  the: 
Point  of  Station  D,  and  the  Line  ofDire<fl:iori  EF,  be* 
as  before,  parallel  to  the  Horizon  CD,  turn  the  Ali¬ 
dad  alfo  towards  the  Top  A,  and  draw  in  like  manner* 
on  the  Surface  of  the  Inftrument,  along  the  Line  of  Sight 
the  right  Line  FA,  which  cuts  the  firft  EH  inthePmnt 
I,  whofe  Diftance  from  the  Line  of  Condu^:  EF,  found 
by  defcrîbing  on  the  Point  I,  an  Arc  of  a  Circle  touch-. 
îng  the  Line  of  Direftion  EF,  being  meafured  on  the 
Line  of  Dire<ftion  will  give,  by  the  number  of  equal  Parts 
it  contains,  the  number  of  Feet  or  Yards  in  the  height 
of  the  Point  A,  above  the  Line  of  Direction  EF,  that 
is  to  fay,  in  the  Height  AG,  to  which  adding  three  or 
four  Feet,  for  the  Line  BG,  or  DF,  or  CÉ,  which  is 
commonly  about  thus  much,  if  you  will  have  the  Height 
propofed  AB. 

To  meafure  this  Height  Trigonometrically,  frft  mea- 
fure  with  a  Chain  the  Diftance  of  the  Stations  CD,  and 
.  with  a  Semicircle  the  Vifual  Angles  AEG,.  AFG  whofe 
complements,  namely,  the  Angles  EAG,  FAG,  will  be 
confequently  known,  and  their  Tangents,  namely,  the 
Lines  EG,  FGj  in  refpe^l  of  the  Radius  AG  will 
be  alfo  known,  as  well  as  thro’  difference  EF  or  CD, 
From  whence  you  may  eafily  draw  this  Proportion, 

As  the  difference  of  the  Tangents  of  the  Angles  EAO 
,  FAGy 

To  the  F.adim  ; 

So  U  the  Diflance  of  the  Stations  CP, 

To  the  Height  fought  AG^ 

SCHOLIUM- 

If  after  having  meafured  the  Vifual  Angle  AEG  in 
the  Point  C  of  the  firft  Station,  you  make  a  fécond  at 
the  Point  D,  fo  that  the  Vifual  Angle  AFG  be  double'- 
Ae  firft  AEG,  and  you  meafure  the  Line  CD,  in  this . 
Cafe  raual  to  the  V ifual  Ray  AF  ;  you  may  find  the 

making  in  the  Right-angled  Triangle 
AFG,  this  Proportion,  o  &  6 
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As  the  rohole  Sine  or  Radius 
to  the  Line  AF  or  CDy 
So  û  the  Sine  of  the  Angle  A^Gy 
to  the  Height  AG, 

If  you  would  ufe  no  Calculation,  make  the  finfl:  Station  • 

at  the  Point  C,  fo  that  the  Yifual  Angles  AEG,  be  26 
Degrees  and  atout  34  Minutes  ;  and  the  fécond  Station 
at  the  Point  D,  fo  that  the  Vifual  Angle  AFG  be  pre- 
cifely  4<5  Degrees,  and  then  the  Height  AG  will  be  equal 
to  the  Diftance  CD,  of  the  two  Stations,  as  alfo  to  the 
Line  BD. 

If  you  would  find  the  Height  AG  by  Protraction,  let 
KL  be  equal,  in  number  of  Parts,  to  CD,  make  at  the 
Points  K  and  L,  the  Angles  NKM,  NLM,  equal  to  the  Plate  Xllf 
vifual  Angles  AEG,  AFG,  draw  RLN,  then  will  the  Per-  Fÿ*  106, 
pendicular  MN  fiiew  the  Height  AG  required. 

When  the  Height  AB  is  not  very  great,  you  may  mea- 
fure  it  V'ery  eafily,  by  two  unequal  Sticks  after  this  man¬ 
ner  :  Ere  ft  two  unequal  Sticks  parallel  to  one  another, 
and  to  the  Height  to  be  meafured  AB,  fo  that  there  the 
Points  B,  C,  E,  be  in  a  right  Line,  and  that  the  Top  A 
may  be  feen  by  the  two  Extremities  F,  D.  Then  make 
a  fécond  Station  in  a  right  Line,  at  the  Points  G,  I,  that 
you  may  ereft:  as  before  the  two  Scicks  GH,  IK,  equal 
to  the  two  former,  fo  that  the  Top  A  may  be  leen  after 
the  fame  manner  by  the  two  Extremities  H,  K,  imagine 
the  two  right  Lines  HDM,  KFL,  drawn  through  the 
Points,  H,  R,  parallel  to  one  another  and  to  the  Horizon 
IB;  then  to  find  the  Height  AM  of  the  Top  A  above 
the  longer  Stick  CD  or  GH  ;  meafure  exaftrly  the  length 
of  the  Sticks,  and  the  Diftances  IG,  EG,  GC,  to  make 
this  Proportion, 

0 

As  the  difference  of  the  Diflances,  IG,  ECy 
to  the  difference  of  the  Sticks,'  CD,  EE  5  ' 

So  Ü  the  Diftance  GC, 
to  the  Height  AM, 

In  the  fimilar  Triangles  AKF,  AHD,  you  know  hy  4.6, 
that  the  four  Lines  AR,  AH,  FK,  DH,  are  proportio¬ 
nal,  likewife  in  the  fimilar  Triangles  ARL,  AHM,  that  .  • 
the  four  Lines  AR,  AH,  AL,  AM  are  proportional,  con- 
fequentiy,  that  the  four  Lines  FK,  DH,  AL,  AM,  or 
El,  CG,  AL,  AM,  a*re  alfo  proportional  ;  wherefore  hy 
Divifion  you  may  find  that  the  Difference  of’the  two 
firft  £1,  CG,  or  IG,  EC,  is  to  CG,  as  the  difference 
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LM  üf  the  two  laft  AL,  AM,  or  of  the  two  Stick 
CD,  EF,  is  to  AM,,  Which  was  to  be  Demonflrateà, 

The  Height  propofed  AB  may  be  found  dire(5i:ly  by 
Refleârion  after  this  manner.  Having  placed,  a  piece  of 
Glafs  Horizontally  in  an  advantageous  Place  as  the  Point 
N,  on  a  Level  with  the  Bafe  B  of  the  Height  AB  to 
be  meafured,  retire  to  P,  fo  that  having  your  Eye  at 
the  Point  O  of  the  Line  of  Reflexion  NO  you  may 
difcern  the  Top  A,  by  the  Angle  of  Refieârion  PNO 
always  equal  to  the  Angle  of  Incidence  ANB.  Then 
place  another  or  the  fame  piece  of  Glafs  at  fome  other 
advantagious  Point  as  but  on  a  level  and  in  a  right 
Line  with  N  and  B,  that  it  may  be  Horizontal,  then 
retire  as  before,  till,  being  for  Inftance  in  E,  you  may 
difcern  the  fame  Top  A,  by  the  Angle  of  Reflexion 
SQR  equal  to  the  Angle  of  Incidence  AQB.  Laflly, 
meafure  the  Height  of  the  Eye  PO  or  RS  exa<Sl;ly,  and 
the  Diftances  NP,  QS,  that  you  may  make  this 

Proportion,  which  will  give  you  at  once  the  Height 
AB. 

As  the  Difference  of  the  Diftances  PiV", 
ÿUîeXîîî,  To  the  Height  of  the  Eye^  RS,  or  OF, 

Fig,iQ6o  So  Ü  the  Diffance 

to  the  Height  propos'd,  A^» 


DEMONSTRATION, 

» 

In  the  fmilar  Triangles  ANB,  OPN,  the  four  Lines 
BN,  PN,  AB,  OP  are  proportional  by  4.  6.  and  by 
fubftituting  BQ^î  QR,  inftead  of  the  two  laft  AB,  OP, 
or  AB,  RS,  that  are  in  the  fame  Ratio  by  4.  6.  by  reafon 
of  the  fimilar  T riangles  ABQ,  RSQ,  you  will  find  that 
BN,  PN,  BQ,  QS  are  alfo  proportional  ;  wherefore  by 
Compounding  you  will  find  BP,  PN,  BS,  QS,  propor¬ 
tional,  and  by  Permutation^  that  BP,  BS::PN,  QS, 
and  by  Divifwn  that  PS,  BP  :  :  QS — PN,  PN,  and  by  Per¬ 
mutation  PS,  QS — pN  ::  BP,  PN,  and  by  Divifion^  that  I 
QN,  QS— PN  :  :  BN,  PN,  and  if  in  the  room  of  the  i 
two  laft  BN,  PN  you  fubftitute  AB,  OP  that  are  in 
the  fame  Ratio,  by  4.  6.  the  Triangles  ABN,  OPN 
being  fimilar,  you  will  find  that  QN,  QS — PN,  AB, 

OP' are  proportional,  and  laftly,  byConverfion  that  QS - 

PN,  QN,  OP,  AB  are  proportional.  Which  was  to  be' 
DemonftrateL 
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PROBLEM  IX. 


To  meafure  from  a  fmall  Height  a  greater  where  the  Safe 

is  vifible, 

TO  meafure  the  Height  AB,  whofe  Bafe  B  is  vifible  PlateXIIL 
from  the  Point  C  of  the  fmall  Height  CD,  whole  Tig,  107» 
Bafe  .D  is  fuppofed  upon  a  level  with  the  Bafe  B,  that  is 
to  fay,  the  Line  BD  is  fuppofed  parallel  to  the  Horizon, 
imagin  the  Line  CE  drawn  parallel  to  the  Line  DB, 
and  meafure  with  a  Semicircle  the  Quantity  of  the  vi- 
fual  Angles  ACE,  BCD,  and  with  a  Plummet  the  Height 
CD,  then  you  may  find  in  the  Triangle  CDB,  Reiftan- 
gled  in  D,  the  Line  DB,  or  CE  its  equal,  and  in  the 
Triangle  AEC  reftangled  in  E,  the  Line  AE,  to  which 
adding  the  Height  BE,  or  CD  its  equal,  you  will  have 
AB  the  Height  fought.  Or  which  is  as  well  in  the  Right- . 
angled  Triangle  BDC,  find  the  Hypotenufe  BC,  andin 
the  Oblique-angled  Trfangle  ACB,  find  the  Side  or 
Height  AB  fought.  The  two  Proportions,  that  are  to 
be  made  in  the  two  Rightangled  Triangles  ACE,  CDB, 
to  find  the  Height  AE,  may  be  reduced  very  eafily  to 
this,  • 


As  the  Square  of  the  Radius^ 

To  the  Re  ft  angle  of  the  Tangents  of  the  vifual  Angles 
ACE,  BCD  ; 

So  is  the  Height  CD, 

To  the  Height  AE  fought, 

PROBLEM.  X. 

To  meafure  from  a  greater  Height  a  lefs,  when  the  Bafe  is 

vifible. 


WHen  you  are  to  meafure  a  Height  as  CD,  whofe  X07. 

Bafe  D  is  vifible,  from  the  Top  A  of  a  greater 
Height  AB,  whofe  Bafe  B  is  fuppofed  on  a  level  with  the* 

Bafe  D,  that  is  to  fay,  the  Line  BD  is  fuppofed  parallel 
to  the  Horizon,  imagine  a  Line  CE  drawn  parallel  to 
the  Line  BD,  and  meafu;*e  with  a  Semicircle  the  quan¬ 
tity  of  the  vifual  Angles  BAG,  BAD,  and  with  a  Plum¬ 
met  the  Height  AB,  and  then  you  may  find  in  the  Tri¬ 
angle  ABD,  Rightangled  in  B,  the  Line  BD,  or  EC  its 
equal,  andin  the  Triangle  AEC,  the  Line  AE,  which 
being  fubftra<^led  from  the  Height  AB,  leaves  the  Height 

G  2  BE 
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Plate XIIIoBE  or  CD  fought.  Or  in  the  Rightangled  Triangle 
Pig»  107.  ABDjfind  the  Hypotenufe  AD, and  in  the  Oblique-angled 
Triangle  ACD ,  you  may  fihd  the  Side  or  Height  fought 

CD. 

The  two  Proportions  to  be  made,  in  the  two  Triangles 
ABD,  AEC,  to  find  tf^e  Line  AÉ,  may  be  eafily  re¬ 
duced  to  this, 

'  As  the  Square  of  the  Radim, 

To  the  FroduÊ  of  thé  Tangents  of  the  vifaal  Angles 
BAD,  BAC-, 

So  is  the  Height  A^: 

To  the  Line  AB, 

PROBLEM  XL 

To  meafure  the  Heigh  of  a  Torder  fituated  on  a  Mountain» 


Fig  ig8. 


evident,  that  if  by  Vrobl,  10.  you  meafure  the  height 
of  the  top  of  the  Tower  above  the  Plane  of  the  Hori¬ 
zon,  and  the  Height  of  the  Mountain,  and  then  fubftraft 
that  Height,  there  will  remain  the  Height  of  the  Tower 
above  the  Mountain.  As  if  AD  reprefent  a  Tower  upon 
the  Mountain  G  AC,  fubftrafting  from  the  whole  Height 
DB  of  the  top  D  above  the  Plane  of  the  Horizon  BF,  the 
Height  AB  of  the  Mountain,  you  will  have  the  Height 
fought  AD. 

SCHOLIUM. 


.  When  the  Mountain  GAC  is  not  very  high,  and  it 
may  be  gone  over  from  top  to  bottom,  that  is  to  fay 
from  A  to  G,  you  may  ealily  meafure  the  Height  AB 
and  its  Talu  BG  by  a  very  fimple  Method  call’d  Cul- 
'iellation,  and  may  be  very  eafily  put  in  praélife  by  the 
help  of  the  Univerfal  înftrument,  as  you  lhall  fee. 

Having  placed  the  Univerfal  Inftrument  perpendicu¬ 
larly  on  its  Staff  faftened  to  the  Point  G.  So  that  the 
Line  of  Direction  HI,  be  Horizontal,  direit  by  its  two 
Sights  the  vifual  Ray  HK,  and  the  Infiniment  being 
placed  after  the  fame  manner  at  the  Point  K,  draw  the 
Ray  HL  in  like  manner,  to  get  the  Point  L  on  the  De¬ 
clivity  of  the  Mountain,  whither  the  Inftrument  being , 
tranfported  after  the  fame  manner,  dire(51:  the  Ray  HM, , 
and  fo  continue  till  you  come  to  the  top  A  ;  and  then  *tis . 
evident  that  all  the'  Lenghts  of  the  Lines  HK,  HL,, 
HM,  which  are  eafily  meafured,  being  added  toge¬ 
ther  will  give  the  Talâ  BG,  and  the  Height  of  the  firfl: 

Point , 
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Point  H,  being  multiplied  by  the  number  of  Stations,  PUteX/// 
will  give  the  Height  fought  AB.  fig, 

The  fame  Height  AB  may  alfo  be  eafily  meafured  by 
Trigonometry,  if  you  meafure  with  a  Chain  the  Length 
AG,  and  with  a  Semicircle  the  Angle  BAG,  whofe 
Complement  will  give  the  Angle  AGB,  becaufe  the  Angle 
Bis  right:  For  in  the  right-angled  Triangle  AGB,  thfs 
Height  AB  may  be  found  by  this  Proportion, 


As  the  whole  Sine  or  Radius^ 

To  the  Length  AG\ 

So  Ù  the  Sine  of  the  Angle  AGB, 
To  the  Height  AB, 


If  the  Declivity  of  the  Mountain  be  too  unequal  to  be 
çommodioufly  meafured,  but  there  is  a  pretty  large  Plane 
above,  make  two  Stations  at  two  commodious  Places,  as 
A,  C,  from  whence  you  may  fee  the  fame  Point  of  the 
Field  as  F,  and  meafure  the  Height  AB  thus. 

Having  made  your  firft  Station  in  A,  meafure  with  a 
•Semicircle  f.iftained  by  a  perpendicular  Staff  AD,  the  vi- 
fijal  Angle  ADF,  and  having  in  like  manner  made  your 
fécond  Station, in  C,  meafure -yvith  a  Semicircle  fuftained 
by  the  perpendicular  Staff  CE  equal  to  the  firft  AD,  the 
vifual  Angle  CEF,  which  fubftradted  from  the  right  An¬ 
gle  CED  gives  the  Angle  DEF  as  the  firft  Angle  ADF 
being  added  to  the  right  Angle  ADE,  gives  the  Angle 
EDF,  and  confequently  the  Angle  EFD.  Thus  in  the 
Triangle  FDE,  by  knowing  the  Angles,  and  the  Side  DÈ, 
equal  to  the  Diftance  AC,  that  may  be  meafured  with  ^ 
Chain,  wherefore  you  m^y  find  the  Line  DF,  and  in 
the  Triangle  DBF  rightangled  in  B,  you  may  find  thiç 
Height  DB,  from  whence  take  the  Height  of  the  Stick 
AD,  and  you  have  the  Height  fought  ÂB, 

The  Height  DB  may  be  found  much  ’eafier,  reafoning 
thus.  Since  in  the  rightangled  Triangle  DBF,  the  Am 
gle  BDF  is  known,  its  Tangent  BF  in  regard  of  the 
Radius  BD  is  alfo  found  in  the  Table  of  Tangents,  and 
in  like  manner  fince  in  the  rightangled  Triangles  EOF, 
the  Angle  OÈF  is  known,  its  Tangent  OF,  OE  equal 
to  BD  being  Radius,  is  alfo  known  ;  For  the  Lines  DB, 
EO  being  perpendicular  to  the  Horizon  may  pafs  for 
Parallels.  Wherefore  fubftraéting  the  Tangent  BF  from 
the  Tangent  OF,  the  difference  of  the  two  Tangent? 
will  be  BO  or  AC,  or  the  Radius  PB,  or  EO,  equal  to 
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you  may  jfînd  its  ralue  in  regard  of  'the  Radius  BD,  by 
this  Proportion, 

As  to  the  I>tfference  of  the  Tangents, 

To  the  Radim  : 

Xo  is  the  Diflance  AC  of  the  Stations, 

To  the  Height  fought  JBD, 

After  the  fame  Method  you  may  meafure  any  Depth, 
as  you  ihall  fee  in 

PROBLEM  XIÎ. 

To  meafure  a  Depth* 

TO  meafure  the  Depth  AB,  firft  by  the  help  of  the 
Univerfalindrumentj  chufe  fuch  commodious  Points, 
as  may  be  in  a  right  Line  with  the  Point  B,  on  the  fame 
Level,  and  as  far  diftant  from  one  another  and  the  Point 
B  as  poffible,  as  C,  D,  for  the  Points  of  Station,  where 
place  the  Inflrument  after  this  manner. 

Having  fix’d  the  Center  of  the  Alidad  of  the  Univer* 
fal  Inflrument  in  a  fit  Point  of  the  Line  of  Direction  GH, 
as  in  E,  and  the  Inflrument  being  ereAed  perpendicu¬ 
larly,  fo  as  that  the  Point  E,  may  anfwer  perpendicularly 
to  the  Point  C,  and  the  Line  of  Direction  GH  to  the 
Line  CD,  turn  the  Alidad  towards  the  Point  A,  fo  that 
you  may  fee  the  Point  A  thro’  the  Sights,  and  draw  on 
the  Surface  of  the  Inflrument  along  the  Line  of  Sight,  the 
right  Line  EF.'  ^  * 

After  that  advance  the  Center  of  the  Alidad  from  E 
to  G,  as  many  equal  Parts  of  the  Line  of  Direéfion  GH, 
as  the  Line  CD  contains  Fect^  and  the  Univerfal  In¬ 
flrument  being  ereéfed  as  before  Perpendicular  to  the 
Point  D,  fo  as  that  the  Point  G  anfwer  perpendicularly  to 
the  Point  D,  and  the  Line  of  Direction  GH  to  the 
Line  CD,  turn  after  the  fame  manner  the  Alidad  to¬ 
ward  the  Point  A,  and  draw  on  the  Surface  of  the  Inflru¬ 
ment  along  the  Line  of  Sight,  the  right  Line  GI,  meet¬ 
ing  the  former  EF  at  the  Point  I. 

Laflly,  .  imagine  a  Perpendicular  from  the  Point  I  to  the 
Line  of  Direftion  GH,  and  this  Line  GH  will  reprefent 
the  Depth  fought  AK,  and  to  gain  the  length  of  that 
Perpendicular,  without  afttial  drawing  it,  place  one  Point 
of  the  Compares  at  the  Point  I,  and  defcribe  upon  that 
Point  an  Arc  of  a  Circlé  touching  the  Line  of  Direftion 
GH,  and  the  Apertur©'  of  the  Compafes  will  give  the 

Length 
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Length  of  the  Perpendicular,  which  applied  to  the  Line  Plate  X/K 
of  DireSiion  GH,  will  give  a  number  of  equal  Parts’Li^,  109» 
•equal  to  the  number  of  Feet  contained  in  the  Height  of 
the  Eye  above  the  Point  A,  that  is  to  fay,  tho  Line  AK, 
which  being  lelfen’d  by  the  Line  BK,  or  CE,  that  is  to 
fay.,  the  Height  of  the  Eye  above  the  Horizon  CD,  will 
give  the  Depth  fought  AB. 

To  meafure  the  Line  AR  by  Trigonometry,  firft  mea- 
fure  with  a  Chain  the  Diftance  CD  of  the  two  Stations, 
equal  to  the  Line  GE,  and  then  meafure  with  a  Semi¬ 
circle  the  quantity  of  the  vifual  Angle  CEA,  DGA, 
and  then  in  the  oblique-angled  Triangle  GAE,  find  the 
Line  AE,*and  in  the  rightangled  Triangle  AKE,  the 
Line  AR  :  Or  in  the  oblique-angled  Triangle  GAE,  find 
the  Side  AG,  and  in  the  rightanglcd  Triangle  ARG, 
the  Line  AR. 

But  thefe  two  Proportions  may  be  reduced  to  this 
one  very  eahly, 

the  Difference  of  the  Tangents  of  the  vifual  Angles 
CE  Ay  DG  Ay 
To  the  Radiuî  : 

So  is  thë  Diftance  CD  of  the  Stationsy 
To  the  Line  AX.  fought. 

4.  o 

PRO  B  L  E  M  XIIL 

To  meafure  the  Height  of  a  Cloud. 

IN  meafuring  the  Height  of  a  Cloud,  choofe  a  txmQ  flats 
when  no  Wind  is  ftirring,  that  the  Cloud  may  be  ill/ 

little  moved  as  poffible,  let  the  two  Obfervers,  at  a  con-  ‘  \ 

fiderable  Diftance  from  ope  another  in  the  fame  Plane, 
obferve  at  the  fame  time,  a  certain  Point  agreed  upon,' 
with  a  Semicircle,  which  each  ought  to  have,  under 
what  Angle  the  Point  fliall  appear,  for  then  meafuring 
the  Diftance  of  the  two  Obfervers  exaftly,  you  will  have 
T  riangle,  in  which  you  may  fiftd  by  T rigonometry  the 
Height  of  the  Point  propofed.  , 

Thus  to  meafure  the  Height  AB,  or  AG,  of  a  Cloud, 
choofe  in  a  Plain  two  Points  confiderably  l5iftant,  as  C, 

D,  where  the  two  Obfervers  muft  take  their  Stations,  to 
meafure  at  the  fame  time  with  their  Semicircles,  the 
quantity  of  their  vifual  Angles  AEF,  AFE,  looking  at 
the  Point  A,  agreed  upon,  when  they  feparated.  But 
that  the  time  of  taking  the  Obfervations  may  be  the  faipio, 
fqme  fenftble  SigPj  as  the  report  .of  a  M.usk^t,  Of 
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Pktte  X/K«  the  like,  muft  be  pitch’d  upon,  to  infbrm'thc  other  when 
Fsg,  III.  he  muft  apply  himfelf  to  obferve  the  Point  A,  otherwife 
the  motion  of  the  Cloud  may  caufe  fome  Error.  Know¬ 
ing  therefore  the  Angles  AEF,  AFE,  the  Angle  EAF, 
will  be  alfo  known  by  92. 1.  Wherefore  meafuring  the 
Diftance  CD  or  EF  its  equal,  you  may  find  in  the  Ob¬ 
lique-angled  Triangle  AEF,  the  Side  AE,  and  in  the 
rightangled  Triangle  AGE,  the  Side  AG,  or  the  Height 
X  fought  AB,  the  dilterence  BG  being  of  little  Confe- 
quence. 

SCHOLIUM. 

« 

• 

Becaufe  in  this  Example  the  Diftance  of  the  two  Sta¬ 
tions  CD  ought  to  be  very  great,  juft  as  when  a  very 
high  Mountain  is  to  be  meafured,  and  the  Line  CD  being 
on  the  Surface  of  the  Earth,  which  is  Spherical,  not 
^  right  5  we  ftiall  here  determine  the  Error  arifing  from 
taking  CD  for  a  right  Line,  as  we  have  always  done. 

Suppofe  the  Line  CB,  that  is  on  the  Circumference  of 
Î  ïO»  Earth,  whofe  Center  is  D,  and  Semidiameter  DC  or 
DB,  to  be  7608  Yards,  or  22824  Feet,  in  which  cafe 
the  Arc  CB  or  the  Angle  D  will  be  ab&ut  4  Minutes, 
becaufe  by  Obfervation  a  Minute  of  the  Circumference 
.  of  a  great  Circle  of  the  Earth  is  about  1902  Yards,  or 

^706  Feet,  as  we  ftiall  ftiew  more  particularly  in  Geo¬ 
graphy. 

But  fince  in  Praélife  the  Arc  CB  is  taken  for  a  right 
Line,  it  may  confequently  be  taken  for  the  Line  CE,  that 
touches  the  Earth  in  the  Point  C  :  Wherefore  if  AB  re- 
^  prefent  the  Height  of  a  Cloud,  the  Line  AE  may  be  ta- 

ken  for  that  Height,  fo  the  Line  BE  will  '  be  the  Diffe¬ 
rence  or  Error,  and  may  be  found  by  Trigonometry, 
‘meafuringthe  Hypotenufe  DE  of  the  Rightangle  Triangle 
CDE,  where,  befides  the  Angles,  is  known  the  Side  CD 
or  Semidiameter  of  the  Earth,  which  is  about  6598594 
Yards,  or  196151S2  Feet,  as  we  ftiall  fticw  more  particular-  , 
îy  in  Planimetry,  namely  by  making  this,  Proportion, 

jis  the  Radius  loocoooo  * 

To  the  Secant  of  the  Angle  X>,  10000007 

Sois  the  Semidiameter  CD  19615782 

To  the  Line  DE,  i9^i5795-9  ’ 

which  you  will  find  about  19615795  Feet  and  9  Inches, 
from  whence  fubftraéfing  the  Semi-diameter  DB,  fup- 
pofed  to  be  19615782  Feet,  and  the  remainder  13  Feet 
9  Inches,  gives  the  Error  or  Difference  fought  BE. 

.  THE 
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The  THIRD  PART. 

PLANIMETRY 

PLanimetry^  call’d  alfo  Surveyings  as  has  been  faid  al¬ 
ready,  mews  how  to  meafure  a  Plane,  and  any  other 
kind  of  Surface.  And  as  in  Longimetry  we  have  mea- 
fured  Lines  by  lefs  ones,  fo  in  Planimetrys  Surfaces  are 
meafured  by  lefs  ones,  that  are  generally  Squares,  and 
fometimes  Oblongs.  Geometers  having  pitch’d  upon 
a  right  Angle  rather  than  an  acute  or  obtufe  one,  becaufe 
thefe  two  may  be  infinitely  varied,  but  a  right  one  is  in¬ 
variable,  and  the  only  one  of  its  kind. 

The  number  of  Square  Meafures  contain’d  in  a  Super¬ 
ficies,  is  always  found  by  Multiplication,  becaufe  *tis  con¬ 
ceiv’d  equal  to  a  Rectangle,  whofe  Area  is  found  by 
multiplying  the  Length  into  the  Breadth.  Thus  if  you 
multiply  the  Length  AB,  of  the  Reftangle  ABCD,  four 
pathoms,  by  the  Breadth  AD  three  Fathoms, you  willhave 
twelve  fquare  Fathoms  for  the  Surface  of  the  Redangle, 
form’d  by  the  Interfedions  of  the  right  Lines  drawn 
lengthwifCjând  crofs  thro’  theDivifions  of  the  oppofite  Sides. 

Whence  it  follows,  that  a  Fathom  long  as  ÀE,  contains  Plate  XlVn 
fix  Feet  long,  a  Fathom  fquare  contains  36  Feet  Square,  Pig,  112. 
for  multiply  6  by  6,  and  the  Produd  is  36  :  And  a  Foot 
long  containing  12  Inches  long,  a  Foot  Square  will  con¬ 
tain  144  fquare  Inches,  becaufe  the  Produd’ of  12  by  12 
is  144.  Hence  we  fay  an  Acre  contains  160  Perches 
fquare,  becaufe  we  allow  40  Perches  to  the  length  of  one 
its  Sides,  and  4  to  the  other,  fo  multiplying  4o|by  40,  the 
Produd  is  160.  And  fo  of  the  red. 

Wherefore  when  Square  Yards  are  given  to  be  reduced 
into  fquare  Feet,  infiead  of  multiplying  them  by  3,  you 
muft  multiply  by  9.  Thus  knowing  the  Area  of  the  Red¬ 
angle  ABCD  12  Yards  fquare,  to  kno\v  how  many  fquare 
Feet  it  contains,  you  mud  multiply  them  by  9,  and  you 
willhave  108  fquare  Feet  for  the  Content  of  the  Red¬ 
angle  ABCD.  But  on  the  contrary,  when  Feet  are  to  be 
turn’d  into  fquare  Yards,  indead  of  dividing  by  3,  di¬ 
vide  bv  9.  And  fo  with  the  reft,  1 


» 
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TlateXIV»  I  Taid  Surfaces  are  fometimcs  mcafured  by  Oblongs, 
JFzg.  Il 2.  which  is  done  chiefly  for  eafe  of  Calculation,  when  dif¬ 
ferent  Species  aré  to  be  multiplied  together.  And  then  a 
Rectangle  containing  three  Square  Feet  is  call’d  a  Foot  of 
afquare  Tardy  as  a  Yard  long  contains  three  long  Feet, 
this  Redtangle  being  ufed  in  Praélife  inftead  of  a  Yard 
fquare,  containing  9  fquare  Feet,  and  is  call’d  a  Foot  of  a 
fquare  Tardy  becaufe  it  has  a  Foot  of  Breadth  to  a  Yard 
of  length. 

In  like  manner  a  Rectangle,  whofe  Siiperfcies  contains 
twelve  Inches  fquare,  is  call’d  an  Inch  of  a  Foot  fquarSy  as 
a  Foot  long  contains  twelve  Inches  long,  this  Re(£i:angle 
being  in  Pra<ftife  put  inftead  ofa  Foot  fquare,  that  contains 
144.  Inches  fquare,  and  is  call’d  an  Inch  of  a  Foot  fquare,  be¬ 
caufe  it  has  an  Inch  of  Breadth  to  a  Foot  of  Length. 

After  the  fame  manner,  we  ought  to  call  an  Inch  of  a 
Square  Tardy  a  Rectangle  whofe  Breadth  is  an  Inch,  and 
Length  a  Yard,  or  36  Inches,  and  whofe  Area  confe- 
quently  is  36  Square  Inches,  juft  as  a  Yard  long  is  three 
Feet  long.  Hence  it  is  that  Surveyors  fay.  Yards  long 
multiplyed  by  Yards  long  produce  Tards  Square  ;  Feet 
'  long  multiplyed  by  Feet  long  produce  Feet  Square,  and 

fo  on.  But  that  Yards  long  multiplyed  by  Feet  long, 
produce  Feet  of  a  Square  Tard,  and  thus  Feet  long  mul¬ 
tiplyed  by  Inches  long  produce  Inches  of  a  Square  Foot» 


chapter  I. 

theorems. 

H  O’  the  Problems  in  Planimetry  are  eafe  in  Per¬ 
formance,  yet  the  Theory  is  fomewhat  hard.  Where¬ 
fore  to  render  the  Pracftife  as  eafte  as  I  can,  I  thought  it 
proper  to  feparate  the  Theory  from  the  Pracftife,"  that 
iuch  as  do  not  care  to  work  without  a  Reafon,  may  find 
the  Demonftrations  of  all  the  Rules  of  Praaife,  that  fhall 
be  laid  down,  and  fuch,  as  fhall  be  contented  with  the 
Praaife  only,  may  find  it  difengaged  from  the  Theory, 
and  fo’may  take  it  up  more  eafily. 

theorem  r. 

The  Area  of  a  reSilznear  Triangle  is  a  fourth  proportional  to 
the  RadiuSythe  Tangent  of  half  one  of  the  three  Angles,  and 
to  the  Kelt  angle  under  half  the  Ferimeter  of  the  Triangle, 
and  the  excefs  of  that  half  above  the  cppofite  Side  to  the 
fame  Angle. 
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of  the  BLeAangle  under  half  the  Perimeter,  that  is  to  fay,  PhteXlV, 
half  the  Sum  of  the  three  Sides  of  the  Triangle  ABC,  and  Pÿ.  1 1 
the  Excefs  of  that  half  above  the  Side  AB  oppofite  to  the 
fame  Angle  C,  to  the  Area  of  the  T riangle  ABC. 

PREPARATION. 

Infcribe  by  4.  4.  in  the  Triangle  ABC,  the  Circle  EFG, 
and  its* three  Radius’s  DE^  DF,  DG,  that  terminate  in 
the  Point  of  Contad,  E,F,G,  will  be  perpendicular  to 
the  Sides  they  fall  on  by  18.  3^  fo  that  all  the  Angles 
made  by  the  Radius’s  at  the  Points  of  Contaél,  E,F,G, 
will  be  right,  and  the  two  Lines  AE,  AG,  will  be  equal, 
becaufe  Tangents  to  the  Circle  drawn  from  the  fame 
point  A,  fince  ^36.  3.  the  Square  of  each  is  equal  to 
the  fame  Rectangle,  belides  the  two  right  Angled  Tri¬ 
angles  AGD,  AED,  are  equal,  ^c.  By  the  fame  way  of 
reafoning,  you  may  find  that  the  two  Lines  BE,  BFjare 
equal,  as  well  as  CF^  CG.  Whence  ’tis  eafie  to  conclude 
that  the  three  Lines  A E,  BE,  CF,  or  the  twoAB,  CF, 
alone  are  equal  to  half  the  jPerimeter  of  the  Triangle 
ABC,  confequently  CE,  or  CG,  is  the  excefs  of  half 
the  Perimeter  above  the  Side  BA.  Thus  we  have 
to  demonftrate,  that  the  Radius  is  to  the  Tangent  of 
the  Angle  ACD,  or  BCD,  half  the  Angle  ACB  by  Conftr. 

As  the  Rectangle  under  CF,  or  CG  and  half  the  Peri¬ 
meter  of  the  Triangle  ABC,  to  the  Area  of  the  fame 
Triangle  ABC. 

demon  S,T  RATION. 

In  the  Triangle  CGD  right  Angled  in  G,  the  Ra¬ 
dius  is  to  the  Tangent  of  the  Angle  GCD,  as  CG  to  DG, 
by  Tbeor,  1.  Chap.  i.  X.  2.  Trigon.  Wherefore  allowing- 
the  two  latter  Terms  CG,  DG,  half  the  Perimeter  op 
the  Triangle  ABC,  for  the  common  Height,  you  will-  - 
find  by  i.  6.  that  the  Radius  is  to  the  Tangent  of  the. 

Angle  GCD,  as  the  Re£langle  under  CG,  and  half  the 
Perimeter  is  to  the  Rectangle  under  DG,  and  half  the 
Perimeter,  that  is  to  fay,  to  the  Area  of  the  Triangle 
ABC,  becaufe  ^41.  i.  The  Triangle  ADC  is  equal  to 
the  Reélangle  under  DG  and  half  AC,  in  like  manner 
the  Triangle  CDB  is  equal  to  the  Reftangle  under  DF 
equal  to  DG,  and  halfBC,  alfo  the  Triangle  ADB  is 
equal  to  the  Reftangle  under  DE  equal  to  DG,  and  half 
AB,  Which  was  to  bs  DemonflratcL 


T  H  E  O- 
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The  Area  of  a  Rectilinear  Triangle  is  a  mean  Proportional 
Between  the  ReCangle  under  half  the  Perimeter  and  the 
Excefs  of  that  half  above  one  Side ^  and- the  Re C angle  Mn- 
der  the  two  Exceffes  of  the  fame  half  above  each  of  its  two 
other  Sides, 

N 

Plate XIV,  I  Say  the  Area  of  the  Triangle  ABC  is  a  mean  Propor- 
1 13.  ^  tional  between  the  Reftangle  under  half  its  Perimeter 
or  half  the  Sum  of  the  three  Sides,  and  the  Excefs  of  that 
half  above  the  Side  AB,  and  the  Reffangle  under  the  two 
Excédés  of  the  fame  half  above  each  of  the  two  other  Sides 
AC,  BC. 

PREPARATION. 


Having  infcrib’d  as  above  in  the  T riangle  ABC,  the 
Circle  EFG,  whofe  Center  is  D,  add  to  the  Side  AC, 
the  Line  AH  equal  to  the  Line  BE,  or  BP,  and  the  Line 
HL  equal  to  the  Line  AE,  or  AG,  and  then  the  Line 
AL  will  be  equal  to  the  Side  AB.  Add  alfo  to  the  Side 
BC,  the  Line  BI  equal  to  the  Line  AE,  or  AG,  and 
then  the  Line  Cl  will  be  equal  to  the  Line  CH,  each 
being  equal  to  half  the  Perimeter  of  the  Triangle  ABC  ; 
For  as  inTheor,  i.  the  two  Lines  AB,  CF,  are  together 
equal  to  half  the  Perimeter,  after  the  fame  manner  you 
may  find  that  the  Sum  of  AC,  BE,  or  AC,  AH,  or 
the  fingle  Line  Cl  is  half  the  Perimeter,  becaufe  we  have 
already  found  that  CF  or  CG,  is  the  Excefs  of  half  the 
Perimeter  above  the  Side  AB,  and  BE  or  BF,  the  excefs 
of  half  the  Perimeter  above  the’'Side  AC,  and  AE  or  AG  is 
the  excefs  of  half  the  Perimeter  above  the  Side  BC*  Thus 
we  have  to  demonft  rate,  that  the  Area  ofthe  Triangle  ABC 
is  a  mean  Proportional  between  the  Redfangle  under  the 
Li  nes  AB,  CFj  and  the  Rectangles  under  the  Lines  AE, 
BE,  which  we  fhall  do  after  we  have  drawn  a  Perpendi¬ 
cular  HK  to  the  Line  CH,  from  the  point  H,  cutting  1 
the  Line  CD  produced  in  the  point  K,  thro’  which  > 
drawing  the  right  Lines  KA,  KB,  and  further  the 
right  Line  RI  perpendicular  to  the  right  Line  Cl  and 
equal  to  KH,  becaufe  the  two  right  Angled  Triangles 
CHR,  CIK,  are  equal  by  4..  1.  whence  KHL,  KIB,  are 
alfo  equal  by  4.  i.  as  well  as  ABK,  ALK  by  1.  and 
confequently  the  Angle  KAL  is  equal  to  the  Angle  KAB, 
that  is  to  fay,  the  Line  AR  divides  the  Angle  LAB,  juft 
as  the  right  Line  AD  does  the  Angle  EDG,’ into  two 
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equal  Parts,  becaufe  the  two  right  angled  Triangles  AED,  Plate  XIV. 
AGD,  are  equal.  Whence  it  follows,  that  the  Angle  J%.  iiq. 
ADE  is  equal  to  the  Angle  HAK,  for  the  Angles  E,  G, 
being  right,  the  oppofite  Angles  GAB,  GDE,  of  the 
Quadrilateral  Figure  AEDG,  will  be  equal  to  two 
tight  32.  I.  and  confequently  equal  to  GAB,  HAD, 
which  taken  together  are  equal  to  two  right  by  13.  i. 

Wherefore  taking  from  each  Side  the  common  Angle 
GAB,  there  will  remain  the  Angle  GDE,  equal  to  the  An¬ 
gle  HAB,and  the  half  ADE  equal  to  the  half  HAK:  Which 
makes  the  two  right  angled  Triangles  AED,  AHK,  h- 
milar,:  Wherefore  by  4.  6.  the  four  Lines  DE,  AE,  AH, 

KH,  are  proportional,  and  by  16.  6.  the  Rectangle  of 
the  Extreams  DE,  KH,  is  equal  to  the  Rectangle  of  the 
means  AE,  AH,  or  AE,  BE. 

demonstration. 

If  in  the  Triangle  CHK  right  angled  at  H,  you  make 
the  Side  CH,  or  half  the  Perimeter  Radius,  the  other  ‘ 
vSide  HK,  will  become  the  Tangent  of  the  Angle  HCR 
half  the  Angle  ACB,  as  you  will  find  by  deferibing  from 
the  point  C,  thro’  the  point  H,  the  Arc  of  the  Circle  HM  : 

And  becaufe  by  Theor,  1.  the  Radius  CH,  or  h^lf  the  . 
Perimeter,  is  to  the  Tangent  KH,  as  the  Redangle  un¬ 
der  CF  and  half  the  Perimeter,  fo  the  Triangle  ABC.  If 
to  the  two  firft  Terms,  namely,  half  the  Perimeter  and 
Line  KH,  you  give  the  common  Fîeight  DE,  then  by 
I.  6.  the  Redangle  under  half  the  Perimeter  and  the  Line 
DE,  that  is  to  fay,  the  Triangle  ABC,  as  was  feen  in 
Theor,  i.  is  to  the  Redangle  under  the  Lines  KH,  DE,  or 
the  Recdangle  of  the  Lines  AE,  BE,  as  the  Redrangle  un¬ 
der  half  the  Perimeter  and  the  Line  CF,  to  the  Triangle 
ABC,  and  confequently  the  Triangle  ABC  is  a  mean 
Proportional  between  the  Redrangle  under  half  the  Peri¬ 
meter  and  the  Line  CF,  and  the  Redrangles  under  the 
Lines  AE,  BE.  Which  was  to  be  DemonftrateL 

THEOREM.  III. 

The  Area  of  a  rectilineal  Triangle  having  an  Angle  right  .  > 
is  equal  to  a  Re  Bangle  under  half  its  Verimetery  and  the 
Excefs  of  that  half  above  the  Hypotenufe  :  Or  to  a  Redan- 
gle  under  the  two  Excejfes  of  the  fame  half  above  each 
of  the  two  Sides. 

TH  E  Demonftration  of  this  Theorem  will  be  evident, 
when  we  have  once  demonUrated  that  half  the  Peri¬ 
meter 
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ffjeter  of  a  right  angkd  Triangle^  and.  the  three  Excejfes  of 
that  half  above  the  two  Sidesy  and  Hypotenufey  are  four 
prop,ortional  QuantitieSy  which  we  have  difcover’d  by  Syn- 
thefis,  and  /hall  demonftrate  hy  Analyfis,  as  you  ihall 
fee. 

To  find  therefore,  whether  taking  feparately  from  the 
half  of  the  Perimeter  ia-h^^h-^-~Cy  of  the  right- 
angled  Triangle  ay  Cy  the  two  Sides  by  and  Hypo- 
tenufe  c,  this  half  f  ^  three  Re¬ 

mainders  or  Exce/ies.  — 

^CyEa  {b  —  *  Cy  make  four  proportional  Quantities, 

•  reafon  thus. 

SYNTHESIS. 

a  +  ^b-^  ^  c  \ 

I  Cy  4-  ^  -j-  ^  T  <'>  doubling  the  Terms  a’\’  b~\-Cy 

b  c  ::  a  —  b  and  taking  the 

Squares  of  all  the  Terms,  aa  -jf-  2  ah-\~bb  ^-.2ac-\-^hc~\-cCy 
aa-^iab  -I—  bb-—'2.ac-\-2bc-\~rc  :  :  aa  —  2ab  -]^bb  2ac — 

^bc'^ccy  aa-\-2ab-\~hb- — lac — ’2bc-\-cCy  and  putting 
in  the  room  of  ccy  you  will  have  this  Proportion,  2aa  -|- 
2bb  2bc  -p  2ab  -p  2aCy  2aa  -f-  2bb  4“  “^.bc  —  2ab  —  2ac  :  : 
2aa  “J-  “^bb  —  2bc  —  zab  -f-  aac,  2aa  -j—  2bb  —  2bc  -[-- 
2ab  —  2acy  and  taking  half  all  the  terms  aa  -I—  bb  4“  be 
,  ab  4“  ^Cy  aa  — bb-\~bc  • —  ab  —  ac  :  i  aa  bb  —  be  — 
ab  -d-  aey  aa  -p-  bh  — be  ab- —  ae,  and  compounding  2aa 

•4“  2bb  4“  “ibcy  aa  4^  bb  be  ab  ae  :  :  2aa  4-  ^bb 

2bcy  aa-^  bb  —  be  —  ab  acy  and  taking  Ealf  the  An¬ 
tecedents,  aa  -j—  bb  4-  bcy  aa  -)-  bb  4“  be  4r  •*  •*  a,a 

^bb _ _ bcy  aa-\~  bb  —  be  -^  ab  -p-  aey  and  dividing  ab  4- 

acy  aa  4”  bb  be  ::  ^  ab  aCy  aa  H—  bb  —  be,  and  by 
Permutation  ab  4"  ciCy  —  ab  4“  ac  !  :  aa  bb  bcy  aa  -f- 
bb  —  bcy  and  by  dividing  zaby  ab  ac  ::  zbcy  aa  4-  bb 
4-  bcy  and  taking  half  the  Antecedents  aby  ab  4“  ae  r  t 
be  y  aa-^-  bb  -d—  bcy  and  putting  cc  in  the  room  of  aa  4-  bby 
you  will  have  this  Proportion  lefs  compounded,  aby  ab 
ac  :  :  bCy  cc’-\-  be  y  and  laftly  dividing  the  two  firft  Terms 
by  Uy  and  the  two  latt  by  c,  you  will  have  this  lafi:  Pro¬ 
portion,  by  b  c::by  c  4-  ^3  which  being  known,  will 
îerve  to  make  a  Demonftration  by  Analyfis  thus. 

ANALYSIS. 

If  you  make  this  Proportion  byb-^c  ;  :  by  c  4-  ^3 
multiply  the  two  firft  Terms  by  <?,  and  the  two  laft  by  r, 
you  will  have  this  Proportion  aby  ab-f-ac  :  :  bCy  ce  be, 
and  if  in  the  room  of  ce  you  put  aa^^bby  you  will  have 
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this,  ab,  ab  ac  :  :  be,  aa’\-  bb  be,  and  dauhling 
t  he  Antecedents  zah^  ah  ac  :  :  2^c,  aa  •-\-bb*^  be,  and 
by  Divifion,  ab4-acy — ab-\^ac  :  :  aa  *^bb^  be,  aa^bb — bcy 
and  Permutation  ab  -\-ac,  aa  bb -\- be  ab  -y-ac,  by  • 
aa  -y  bb  —  be,  and  by  compounding  aa  -y  bb  -y  be ,  aa 
bb  y.  be  ab  ac  i:  aa  ^bb  —  be,  aa  Jybb  —  be 

_ ab  y  and  by  doubling  the  Antecedents  ^aa  zbb 

«4-  zbc ,  aa  +  bb  “I-  be  -y-  ab  y  ac  :  :  2aa  zbb 
zbc,  aa  -f-  bb  —  be  —  ab ac,  and  dividing  aa  bby  / 

be  y  ab  ac,  aa  bb  -I  "  be  —  ab  —  ac  :  ;  aay  bb  — 
be  —  aby  ac,  aa-ÿ  bb  —  be  ~^ab  —  ac,  and  doubling  all 
the  Terms  2aa  2bb  zbc  2ab  y  2ac,  2aa  2&6 
4-  2bc  —  2ab  — ‘  2ac  :  :  -zaa  4-  2bb  —  2bc  —  2ab  Hr- 
2aa  4-  2bb  —  2be  4-  2ab  —  2ac,  and  putting  ice  in  the 
room  of  4-  ibb,  you  will  have  this  other  Proportion 
aa  4-  bb  .4“  cc  4—  2be  4~  2ab  4~  2ac,  aa  4~  bb  4*  ee  2ah 

—  2ac  4-  \  i  aa  bb  cc  —  2bc  — ■  2ab  4-  2ac,  aa  4- 

^  bb  Jr-  cc  — »  2bc  4-  2ab  —  2ac,  and  taking  the  Square  Root  • 
of  each  Term,  a  J\r  b  -Jr-  c ,  a  y-  b  —  c  ::  a  — •^4-c, 
aJr-b  —  c,  and  laflly  taking  half  all  the  Terms  4-  “  b 
•i-  y  e,  —  a  b  4“  ^  e  i:  \  a  *—  -^b  Jr-  ~  c,  X  a  4-  ^  b 

—  1  c.  Which  was  to  be  demonfirated, 

DEMONSTRATION. 

Becaufe  half  the  Perimeter  of  the  Rightangled  Triangle 
is  to  the  excefs  of  that  half  above  one  of  the  two  Sides,  as 
the  excefs  of  the  fame  half  above  the  other  Side,  to  the 
excefs  of  the  fame  half  above  the  Hypotenufe,  as  has  been 
demonftrated,  whence  it  follows  by  i6.  6.  that  the  Re<Sl:- 
angle  under  half  the  Perimeter,  and  the  excefs  of  that 
half  above  the  Hypotenufe  is  equal  to  the  Re<51:angle  under 
the  two  excelles  of  that, half  above  each  of  the  two  Sides  : 

And  becaufe  the  Area  of  the  fame  Triangle  is  a  mean  Pro¬ 
portional  between  the  two  equal  Reftangles,  by  Theor,  2. 
it  mull  neceffarily  be  equal  to  each  of  the  two  Reilangles. 

.  Which  wnt/s  i9  be  demonflratei, 

T,  H  E  O  R  E  M  IV. 

The  Area  of  a  Trapez,oid  is  half  the  ^eBangle  under  ths 
Sum  of  the  two  Parallel  Sides,  and  the  Perpendicular^ 
drawn  between  the  two  Sides, 

ISay  the  Area  of  the  Trapezoid  ABCD,  whole  two  XIV, 
Sides  AB,  CD,  are  parallel,  is  equal  to  half  a  Re- 
Wangle,  that  has  for  its  Length  the  Sum  of  the  two  pa¬ 
rallel  Sides  ABj  CD,  and  for  the  Breadth  the  Perpen¬ 
dicular 
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TIclU  XIV*  dieu4r  DE,  drawn  between  the  two  parallel  Sides  AB,CD. 
Ttg,  1 14. 

DEMONSTRATION. 

» 

If  you  draw  CF,  parallel  to  the  Diagonal  DB,  thro’ 
the  Point  C,  meeting  the  Side  AB  produced  in  the  Point 
F,  and  join  the  right  DF,  you  will  find  by  37.  i.  the 
Triangle  CDF  equal  to  the  Triangle  CBF,  wherefore  if 
from  each  you  take  away  the  Triangle  CGF,  you  will 
have  the  Triangle  CGD  equal  to  the  Triangle  BGF,  and 
if  you  add  to  each  of  the  two  equal  T  ri  angles  CGD,  BGF, 
the  Trapeziuqj  ABGD,  you  will  find  the  Trapezoid 
ABCD  equal  to  the  T  riangle  ADF,  that  is  to  fay,  by  4 1 , 
Ï.  to  half  the  Redangle  under  the  Perpendicular  DE,  , 

^  and  Sum  AF  of  the  two  parallel  Sides  AB,  CD,  becaufe 

the -Figure  BFCD  being  a  Parallelogram  by  Conflr,  the 
two  oppofite  Sides  BF,  CD  are  equal  by  34»  i.  JVhich 
Tpoas  to  be  demonflrated* 

THEOREM  V. 

The  Area  of  a  regular  Polygon  is  half  the  ReBangle  under 
its  Perimeter,  and  a  Perpendicular  drawn  from  the  Center 
to  one  Side, 

2^“  .T  Area  of  the  Regular  Pentagon  ABCDE, 

is  half  the  Redangle  under  its  Perimeter  or  Circum¬ 
ference  AL,  and  the  Perpendicular  FG  drawn  from  the 
Center  F  to  the  Side  AB. 

DEMONSTRATION. 

Becaufe  the  Line  AL  reprefents  the  Perimeter  of  the 
Polygon  ABCDE,  if  you  divide  it  into  as  many  equal 
Parts  as  the  Polygon  has  Sides,  that  is,  ‘in  this  cafe,  into 
five,  at  the  Points  H,  I,  K,  each  Part  will  be  equal  to  a 
Side  of  the  Pentagon,  and  if  you  draw  to  the  Center  F> 
thro’  the  Points  H,  I,  K,  L  as  many  right  Lines,  you 
will  have  the  great  Triangle  AFL  made  up  of  as  many 
equal  Triangles  as  thofe  of  the  Pentagon  ABCDE,  that 
are  made  at  the  Center.  Whence  it  follows,  that  the 
Pentagon  ABCDE  is  equal  to  the  Triangle  AFL,  that 
is  to  fay,  by  41,  i.  to  half  the  Red:angle  under  the  Pe¬ 
rimeter  AL,  and  Perpendicular  FG,  Which  was  to  be 
demonflrated. 
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THEOREM  VI. 

If  thro’  a  Point  of  the  Perimeter  of  the  Quadratic  Parabola,  an 
Ordinats  be  drawn  within  the  Parabola,  and  a  Line  with¬ 
out  cutting  the  Diameter  in  a  Point,  o/i  far  diflant  from 
the  Vertex  as  the  Ordinate  ;  that  Line  will  be  a  Tangent  to 
the  Parabola  in  that  Print, 


I  Say,  if  an  Ordinate  AD  to  the  Diameter  BD  be  Plate  XV, 
drawn  from  the  Point  A  in  the  Perimeter  of  the  Qua-  Fig.  ii6« 
dratic  Parabola  ABC,  and  a  right  Line  AE  cutting 
the  Diameter  produced  in  E  as  far  diftant  from  the  Ver- 
i  tex  B  as  the  Point  D,  that  right  Line  AE  will  be  a  Tan- 
j  gent  to  the  Curve  ABC  at  the  Point  A,  fo  as  not  to  meet 
j  it  in  any  other  Point,  as  F. 

!  PREPARATION. 

I  For  if  you  would  have  it  that  the  right  Line  AE 
\  ihould  touch  the  Curve  ABC  in  the  Point  F  alfo,  ima- 
j  gine  an  Ordinate  FG  drawn  to  the  Diameter  BD  from 
:  that  Point  F,  and  make  BH  equal  to  BG,  that  EH  may 
(  be  equal  to  DG,  BD,  BE  being  equal  by  Suppofition. 

DEMONSTRATION. 

1 

Becaufe  by  Def.  36.  you  have  this  Proportion,  BG, 

BD  r  :  FG^  AD^,  doubling  the  firft  terms,  BG,  BD^ 
you  will  have  this  GH,  DE  :  :  FG^  AD^,  and  givin<^ 
the  common  Height  DE,  to  the  two  firft  terms  BG,  BD^ 
you  will  have  DEGH,  DE’^  :  :  FG^,  AD^,  and  if  in* 
dead  of  the  two  laft  terms  FG^,  AD^,  you  put  GE^,  DE^ 
that  kre  in  the  fame  Ratio,  the  Triangles  FGE,’  ADE 
being  hmilar,  you  will  have  DEGH,  DE^  ::  GE^ 

DE^,  where  the  two  Confequents  being  equal,  the  tvvo 
Antecedents,  namely,  the  Reftangle  DEGH,  and  Square 
GE  will  be  alfo  equal,  and  by  17.  6,  you  will  have  this 
Proportion  DE,  GE  :  :  GE  :  GH,and  by  dividing,  you  will 
have  this,  DG,  GE  :  :  EH  :  GH,  whofe  two  Antece¬ 
dents  being  equal  DG,  EH,  their  Confequents  GE  GH 
muft  be  equal,  which  being  impoffible,  ’tis  impoffible  al¬ 
fo,  that  the  Line  AE  ihould  touch  the  Parabola  ABC  in 
any  other  Point  but  A.  Wherefore  Tis  a  Tangent  to  it 
in  the  Point  A,  Which  was  to  be  demonfirated. 
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SCHOLIUM. 

The^Converfe  of  this  Th^oreifi'  is  alfô  true^  namely, 
that  if  the  right  Line' AE  be  a  Tafigient  tb  thé  Parabola 
ABC  at  the  Point'  A,  the  two  Lines  BD,  BE  will  be 
equal;  for  if  one  of  the  Lines,  as  BD,  be  greater  than 
BE,  cut  off  B[  equal  to  BE,  and  draw  from  the  Point  I, 
an  Ordinate  IK  to  the  Diameter,  and  then  the  right 
Line  EK  will  he  Tangent  to  the  Parabola  ABC  at  the 
Pdint  K,  according  to  the  preceding  Demonftration  : 
And  becaufe  we  fuppofe  the  right  Line  AE  a  Tangent  at 
the  Point  A,  thefe  two  Tangents  AE,  KE  muft  necelPr- 
rily  meet  one  another  near  the  Points  of  Contà(ft  A,  R, 
Without  the  Parabola  ;  and  flnce  the}^  meet  alfo'af  the 
Point  E,  they  will  contain  a  Space,  which  is  impofTible, 
confequently  that  BD',  BE,  fl.ould  be  equal,  is  fo  too. 

THEOREM  YIL 

If  from  a  Point  of  the  Circumference  of  a  Cubfc  Pa¬ 
rabola^  you  draw  within  it  an  Ordinate  to  a  Diameter\  and 
without  it  a  right  Line  cutting  the  Diameter  in  a  Pointy 
whofe  Diflance  from  the  Vertex  is  double  that  of  the  Or¬ 
dinate^  that  right  Line  will  be  a  Tangent  to  the  Parabola 
in  that  Point, 

Plate  XV,  '\  Say,  that  if  from  a  Point  A  of  the  Circumference  of 
Fig,  1 1 8.  ^  a  Cubic  Parabola  ABC,  an  Ordinate  AD  be  drawn. 

within  it  to  the  Diameter  BD,  and  a  right  Line  AE, , 
without  cutting  the  Diameter  BD  produced  at  the  Point: 
E,  fo  that  the  Part  BE  be  double  the  Part  DB,  that  right  : 
Line  AE  will  be  a  Tangent  to  the  Point  A  of  the  Para-- 
bola,  that  is  to  fay,  cutts  it  in  no  other  Point,  as  F. 

PREPARATION. 

« 

For  if  you  fay  the  right  Line  AE  meets  the  Circum-- 
Terence  of  the  Cubic  Parabola  ABC,  in  the  Point  F  alfo  ; 
imagine  an  Ordinate  FG  drawn  to  the  Diameter  BDÜ 
froni  the  Point  F,  and  make  BH  double  BG,  that  GHl 

may  be  triple  BG,  as  DE  is  triple  BD. 

DE  MONSTRATION, 

Becaufe  by  the  Property  of  this  folid  Parabola,  you  i 
hjive  this  Proportion  BG,  Bp  ::  FGr,  ADr,  tripling^ 
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the  two  hrft  Terms_,  you  will  have  GH,  I>È  i  :  FGit, 
ADr,  and  placing  GEc,  DEc  inftead  of  the  two  laft  FGc, 
AD(7,  that  are  in  the  fame  Ratio,  becaufe  the  Triangles 
FGE,  ADE,are  hmilar,you  will  have  this  other  Proportion 
GH,  DE  :  :  GEt",  DEt*,  and  giving  the  two  fir  ft  Terms 
GH,  DE,  the  Square  DE  for  a  Bafe,  you  will  have  this 
GHDE^  :  DEc  :  :  GEc  :  DEc,  where  fince  the  Conle- 
quents  are  equal,  the  Antecedents  muft  alfo  be  equal, 
namely,  the  Solid  under  GH,  and  the  Square  DE,  and 
the  Cube  GE,  which  is  impoflible,  for  then  the  Line 
BO  would  be  equal  to  its  Part  BG,  as  you  ftiall  fee. 

Put  a  for  AD,  b  for  FG,  c  for  BD,  d  for  BG,  and  you 
will  have  3d  for  GH,  3'c  for  DEÿ  2c-|-d  for  GE,  the 
Cube  of  which  is  8c*  need  d*,  and  becaufe 

the  Solid  GHDE^,  or  ayced  fliould  be  equal  to  DEc,  you 
ivill  have  this  Equation,  iyeedrz:  i2ccd  -4-  6cdd 

d,*or  d^  -\-6edd  —  i5ccd-f-Sc*  rr:  o,  which  being  divided 
by  dd  4“  ycd  —  8cc  gives  d  —  e  o,  or  d  =  c,  or  BG  n; 
BD,  which  being  impoflible,  ’tis  alfo  impoflible  that  the 
Solid  GHDE^  fhoUld  be  equal  to  the  Cube  DE,  and  edn- 
fequently  that  AE  fliould  meet  the  Curve  of  the  Parabola 
in  any  other  Point,  but  whence  it  follows,  that  Tis  a 
Tangent  to  that  Point.  IVhieh  wa6  to  be  demonflrated» 

SCHOLIUM. 

1» 

•  ...  f- 

The  Converfe  of  this  Theorem  is  alfo  true,  namely® 
that  if  a  right  Line  AE  be  a  Tangent  to  the  Parabola  in 
the  Point  A,  the  Part  BE  will  be  double  the  Part  BD, 
for  if  it  were  not  fo,  but  BD  were  greater  than  half  BE, 
make  BI  equal  to  half  BE,  and  draw  the  Ordinate  IK  to 
the  Diameter  BD,  from  the  Point  I,  and  then  the  right 
Line  EK  will  be  a  Tangent  to  the  Parabola  ABC  in  the 
Point  K  ;  according  to  the  former  Demonftration,  which 
is  impoflible,  becaufe  the  Line  AE,  that  goes  from  the 
fame  Point  E,  is  a  Tangent  by  Supp»  as  has  been  fhewn  in 
Theor,  6. 

In  imitation  of  the  two  foregoing  Demonftrations,  you 
will  find  the  Part  BE  is  triple  the  correfponding  Part 
BD,  in  the  Biquadratic  Parabola,  and  quadruple  in  a 
Parabola  a  Degree  higher,  and  fb  on.  Thus  you  fee  that 
in  all  thefe  infinite  Parabola’s,  the  Property  of  the  Tam 
gent  is  this,  that  the  Part  BD  is  to  the  correfponding 
Part  BE,^  as  Unity  to  the  natural  Numbers,  i,  2,  3,  4^ 
^e.  Which  is  worth  remarking,  far  I  ihall  make  ufo  ©f 
it  afterwards, 
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THEOREM  VIIL 

Vlats  XV*  If  you  form  upon  the  Dtamtier  AÉ  of  the  Curve 
Fig*  1  xp.  whofe  Tangent  at  the  Vertex  A  is  ÀS parallel  to  the  Ordi¬ 
nate  VE^  the  Curve  AlOMffo  o/s  that  one  of  its  Ordinates^ 
as  HI  be  equal  to  the  Part  AF  of  the  Tangent  at  the  Ver¬ 
tex  AS,  terminated  in  F  by  the  correfpondent  Tangent 
BF,  and  in  like  manner  the  Ordinate  EM  equal  to  the 
Part  AG  of  the  fame  Tangent,  bounded  in  G  by  the  cor¬ 
refpondent  Tangent  VG,  and  fo  of  the  refl,  draw  the  right 
Line  AD,  and  it  flail  cut  off  the  Segment  ADCBA 
equal  to  half  the  correfponding  Space  AEMOIA* 

PREPARATION* 

MAke  DQ^  equal  to  the  Tangent  AG,  and  join  the 
right  Line  AO>  equal  and  parallel  to  the  Tangent 
DG,  by  33.  I.  fo  that*the  Figure  AGDQ.WÎI1  be  a  Pa¬ 
rallelogram,  Imagine  in  the  Curve  ABCD,  the  Point  C 
infinitely  near  the  Point  D,  in  which  cafe  the  Part  CD 
may  pafs  for  a  right  Line,  and  confequently  for  a  part  of  ' 
the  Tangent  DG,  and  draw  thro’ the  Point  C,  the  Line 
CL  parallel  to  DM,  and  CR  parallel  to  the  Diameter 
AE,  and  thro’  the  Points  M,  N,  the  right  Lines  LM, 
NP,  parallel  to  the  fame  Diameter  AE.  Laflly,  join  the 
right  Line  AC. 

DEMONSTRATION. 

t 

Becaufe  the  two  parallel  Lines  DM,  CL,  are  fuppofed 
infinitely  near,  the  two  Points  L,  O,  are  alfo  infinitely 
near,  fothat  the  mixtilineal  Figure  MOKE,  is  the  fame 
•with  the  Parallelogram  EMLK  :  And  becaufe  the  Line 
EM  is  by  the  Generation  of  the  Curve  AIOM  equal  to 
the  Line  AG,  or  CN,  the  Parallelogram  EMLK,  or  ! 
stiîxtilineal  Figure  EMOK,  by  36.  i.  is  equal  to  the  | 
Parallelogram  PNCR,  or  by  35.  i.  to  the  Parallelogram  | 
QNCD,  that  is  to  fay  by  41.  i.  to  double  the  Triante 
ACD.  Whence  ’tis  eafy  to  conclude,  drawing  other 
Parallels,  and  other  correfponding  Lines  from  the  Point 
A,  that  the  mixtilineal  Figures,  of  which  AEMI  is  com- 
pofed,  are  double  the  correfpondent  T riangles,  of  which 
the  Segment  ADCB  is  compofed,  and  confequently  the 
Figure  AEMI  is  double  the  Figure  ADCB.  iVhich  witrs 
to  be  demnftrateL 


SC  HO- 


lOI 
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SCHOLIUM. 

If  you  draw  the  Line  DS  parallel  to  the  Diameter 
AE,  thro  the  Point  D,  and  make  the  Curve  ANPQ^p/p-,  j^o» 
finiilar  to  the  Curve  AI OM^  the  Curve  propos’d  ABCD 
will  divide  the  Space  AQDS  into  two  equal  Parts,  that 
is  the  two  Spaces  AQDB,  ABDS  will  be  equal. 

PREPARATION. 

Take  as  before,  in  the  Curve  ABCD,  the  Point  C, 
infinitely  near  the  Point  D,  and  draw  thro’  the  Point  C, 
the  right  Line  TR  parallel  to  the  Diameter  AE,  or  the 
Line  DS.  Join  the  right  Line  GÇ^,  which  will  be  pa» 
rallel  to  the  Diameter  AEj  or  Line  TR,  becaufe  AG, 

EQ.  are  equal  by  the  Generation  of  the  Curve  ANPQf 

DEMONSTRATION, 

Becaufe  the  Triangle  GQD,  CRD  are  fimilar,  you 
will  find  by  4.  6.  that  the  tour  Lines  DR,  CR,  DQ, 

GQ^or  DS,  are  proportional,  and  by  16,6,  the  Reélan- 
gle  of  the  two  Extremes  DR,  DS,  that  is  to  fay,  the  Pa¬ 
rallelogram  RDST,  is  equal  to  the  Reélangle  of  the 
means  CR,  DQ^,  that  is  to  fay,  to  the  mixtilineal  Figure 
DCPQ^,  which  may  pafs  for  a  Parallelogram  ;  Wherefore 
if  from  each  of  the  two  equal  Planes  you  take  away  the 
common  Triangle  CRD,  there  will  remain  the  Trape¬ 
zium  COST  equal  to  the  Trapezium  QRCP.  Whence 
’tis  eafy  to  conclude,  drawing  other  Parallels,  that  all  the 
T rapeziums  that  make  up  the  Figure  ABDS,  are  equal  to 
all  the  Trapeziums  correfponding,  that  make  up  the  Fi-^ 
gurc  AQDB,  and  confequently  the  two  Figures  AQDBj 
ABDS  are  equal.  Which  was  to  he  demonflrated^ 

COROLLARY. 

It  follows,  that  if  you  deferibe  a  new  Curve  AXV, 
fo  as  that  the  Part  MV  be  double  the  correfponding  Part 
op,  and  in  like  manner  the  Part  OX  double  the  corre-? 
fponding  Part  PC,  and  fo  of  the  reft  ;  the  Space  AEVX 
is  equal  to  the  Parallelogram  AEDS  :  becaufe  AEMO, 
AEQP,  are  equal,  hy  Confir,  and  AMVX,  AQDS  are 
equal,  each  being  double  the  fpace  AQDC  ;  becaufe  the 
firft  AMVX  has  its  Lines  double  thofe  of  the  Space 
AQDÇj  hjConJir^  and  the  fécond  AQpS  has  been  de^ 
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monftrated  double  the  fame  Space  AQPC.  Whence  it 
follows,  that  the  three  Spaces  AM V ,  MAQ>  AQpS  are 
equal. 

THEOREM  IX, 

The  Quairatic  Parabola  is  to  a  Parallelogram  of  the  fame 
Bafe  and  Height,  as  ito^» 

I  Say,  that  if  ABD  be  the  Curve  of  a  Qradratic  Pa¬ 
rabola,  whofe  Diameter  is  AE,  and  Ordinate  ED, 
the  Parabolic  Space  AEB  is  to  the  Parallelogram  AEDS 
form’d  on  the  fame  Bafe  DE,  and  of  thp  fame  Height 
AE,  as  2  to  3, 

PREPARATION. 

Form  the  Curve  AIM  by  Theorem  8.®  from  the  Curve 
ABD,  where  we  have  demonftrated,  that  the  Space 
AEMI  is  double  the  Parabolic  Segment  ADB,  draw  the 
Tangent  DF,  to  the  Point  D,  and  produce  it,  till  it 
meet  the  Diameter  in  C,  and  then  the  Line  AF  will  be 
equal  to  the  Line  EM  by  the  Generation  of  the  Curve 
AIM,  and  the  Line  AC  equal  to  the  Line  AE,  by  Theo^ 
fern  7.  *  ■ 

.DEMONSTRATION. 

Becaufe  the  Triangles  CAF,  CED,  are  equiangular, 
and  the  Side  CE  double  CA,  by  the  Property  of  the 
Tangent  of  this  fort  of  Parabola,  the  Side  ED  will 
alfo  be  double  the  Side  AF  or  EM  its  equal,  by  the  Gene¬ 
ration  of  the  Curve  AIM  ;  after  the  fame  manner  it  may 
be  demonftrated  by  drawing  other  Tangents,  that  all  the 
Ordinates  of  the  Space  AEDB  are  double  all  the  corre- 
fponding  Ordinates  of  the  Space  AEMI,  and  confequently 
the  Space  AEDB  is  double  the  Space  AEMI,  which  being 
double  the  Space  ADB,  by  Theor.  8.  the  Space  AÉDB 
will  be  quadruple  the  Space  ADB,  and  the  Triangle  i 
ADE  by  confequence  triple  the  fame  Segment  ADB  ;  * 

wherefore  the  Parallelogram  AEDS,  that  is  double  this 
Triangle,  Ij  34.  i.  will  be  Sextuple  of  the  Segment 
ADB  ;  and  hnce  the  Parabolic  Space  AEDB  is  quadruple 
that  Segment,  it  follows  that  the  Parabola  AEDB  is  to 
Ae  Parallelogram  AEDS,  as  4  to  6,  or  2  to  3.  JVhich 
tvas  to  be  dmonft rated. 
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Becaufe  the  Triangle  ADE,  .or  J^DS,  is  triple  the  r/afe  X'/. 
Parabolic  Segment  À.OB,  follows,  that  the  Space 
ÀBDS,  ‘>vbkh  vve  will  cal^l  the  Par.aboHc  CompJewent,  is 
doable  the  fame  Segment  ADB  ;  And  beeaufe  the  Paralle¬ 
logram  AEDS  is  Sextuple  of  the  Segment  ADB,  it  fol¬ 
lows  that  the  Parabolic  Complement  ABDS  is  to  the  Pa¬ 
rallelogram  AEDS,  as  2  to  6,  or  i  to  3. 

When  the  Parabola  ABD  is  a  Cubic  one,  by  the  fame 
Method  of  Reafoning,  you  may  find  that  the  Parabolic 
Space  AEDB  is  to  the  Parallelogram  AEDS  as  3  to  4,  as 
yçu  lhall  fee.  Becaufe  .tl\e  Triangles  CAF,  CED,  are 
equiangular,  and  the  Side  CE  to  the  Side  CA,  as  3  tto  2, 

Ac  being  double  AE,  by  the  Property  of  the  T angent 
of  this  kind  of  Parabola  ;  the  Side  ED  will  alfo  be  to  the 
Si.^e  AF  ^or  EM  as  3  to  2,  and  after  the  fame  manner  you 
may  find,  drawing  other  Tangents,  that  all  ,the  Ordi¬ 
nates  of  the  Space  AEDB  are  to  all  the  correiponding  Or.- 
dinates  of  the  Space  AEMI,  as  3  to  2,  confcquently  the 
Space  AËDB  is  to  the  Space  AEMI,  as  3  to  2,  and  its 
half  ADB,  as  3  to  i,  that  is  to  fay  the  Parabolic  Space 
AEDB  is  triple  the  Parabolic  Segment  i^DB,  and  the 
Triangle  ADE  double  the  Segment  ADB  ;  wherefore 
the  Parallelogram  AEDS  will  be  quadruple  the  Segment 
ADB  ;  fince  therefore  the  Parallelogram  AEDS  is  qua¬ 
druple  the  Segment  ADB,  and  the  Parabolic  Space 
AEDB  quadruple*  the  fame  Segment  ADB,  it  follows, 
that  the  Cubic  Parabola  AEDB  is  to  the  Parallelogram 
AEDS  as  3  to  4. 

Since  the  Triangle  ADE  or  ADS  is  double  the  Seg¬ 
ment  ADB,  it  follows  that  the  Parabolic  Complement 
ABDS  is  equal  to  the  fame  Segment  ADB  ;  and  be- 
caufe  the  Parallelogram  AEDS  is  Quadruple  the  Segment 
ADB,  ’twill  alfo  be  quadruple  the  Parabolic  Segment 
ABDS,  that  is  to  fay,  the  Parabolic  Segment  ABDS 
in  the  Cubic  Parabola  i$  to  the  Parallelogram  AEDS,  as 
I  to  4. 

When  the  Parabpla  ABD  is  a  Biquadratic  one,  you 
may  find  by  the  like  method  of  reafoning,  that  the  Pa« 
rabola  AEDB,  is  to  the  Parallelogram  AEDS  as  4  to  5^ 
and  the  Parabolic  Complement  ABDS  is  to  thp  fame  Pa¬ 
rallelogram  AEDS,  as  I  to  <5  :  And  when  the  Parabpla 
if  one  degree  higher,  ’twill  be  to  its  Parallelograrn,  as 
$  to  6,  and  the  Parabolic  Segment  to  the  fame  Paralle- 
logram,  as  i  to  6,  Thus  you  fee  in  an  infinity  of  Para^ 

'  ■  ■  n  ^  ^  ‘  bola’§ 


104  Treaîîfe  ^^Geometry. 

bola’s  of  different  Degrees,  the  Parabola’s  are  to  their 
Pîate\<.  of  the  fame  Bafe  and  Height  as  2  to  3, 

I21.  *5’  ^  5  their  Para- 

*  bolic  Complements  are  to  the  fame  Parallelograms  as  i  to 
3,  to  4,  to  <5,  to  6,  ^c.  by  reafon  of  the  Propriety  of 
the  Tangent  of  all  thefe  Parabola’s,  which  is  that  AF  or 
EM  is  to  ED,  as  i  to  2,  as  2  to  3,  as  3  to  4,  as  4  to  5, 
C5’c.  Which  makes  the  Parabolic  Spaces  in  the  fame  Ratio 
alfo. 

THEOREM  X. 

The  Sum  of  an  Infnhy  of  Quantities  in  an  Arithmetic  Pro- 
grejfion  beginning  at  o,  is  equal  to  half  the  ProàuB  un^ 
der  the  great  eft  y  and  the  Number  that  exprejfes  the  Multi¬ 
tude  of  all  the  Quantities, 

TO  demonftrate  this  Theorem,  confder  the  greateft 
of  all  thefe  Quantities  in  Arithmetic  Proportion, 
as  the  Bafe  AC  of  a  Reétangled  T riangle  ABC,  and  the 
number  of  bheir  Multitude  as  the  Height  AB,  fuppofîng 
that  the  Height  AB  divided  into  an  Infinite  Number  of 
equal  Parts,  and  making  right“Lines  pafs  Parallel  to  the 
Bafe  AC,  thro’  the  Points  of  Divifion,  which  may  be 
taken  for  Quantities  in  Arithmetic  Progreflion,  becaufe 
in  effect  they  are  Arithmetically  Proportional,  being  the 
Homologous  Sides  of  an  Infinity  ofSimila^  Triangles  that 
are  to  one  another  as  their  Heights,  BE,  BF,  BG,  3H, 
(ÿc.  that  are  in  Arithmetic  ProgrefiTion  ;  and  fince  all 
thefe  parallel  Lines,  the  leafi:  of  which  is  o,  or  the  Point 
B,  and  the  greateft  AC,  compleat  the  Triangle  ABC, 
which  ^  41. 1,  is  half  the  Reélangle  A13DC,whore  Area  is 
equal  to  the  Prc^ucEt  under  the  Bafe  AC,  and  Height  AB, 
it  follows  that  half  the  Product  of  the  Greateft  AC  and 
the  number  AB  of  the  Multitude  of  Quantities  Arithme¬ 
tically  Proportional,  is  equal  to  their  Sum,  which  the 
Triangle  ABC  reprefents.  Which  was  to  be  demonftra- 
ted. 
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!  The  Sum  of  the  Squares  of  an  Infnhy  of  Quantities  in  an  . 
Arithmetic  JProgrejfion  beginning  at  o,  is  equal  to  a 
third  of  the  Froduth^  under  the  greatefi  Square,  and  the 
number  that  expreffes  the  Multitude  of  all  the  Quan¬ 
tities. 

J  Say  that  the  fum  of  the  Squares  o,  i,  4,  9,  16,  25, 
35,  49,  64,  ^c,  of  the  natural  Numbers,  o,  i,  2,  3, 

4,  6,  7,  8,  CS'c.  that  reprefent  Quantities  in  Arith¬ 

metic  Progrelïîon,  is  equal  to  a  third  of  the  Produft 
under  the  greateft  and  the  Number  that  exprefles  the 
Multitude. 

DEMONSTRATION. 

If  we  conlider  for  inftance  the  three  frft  Squares  whofe 
fum  is  fy,  which,  if  the  Number  of  Squares  were  Infinite, 
would  be  equal  to  a  third  of  the  ProduA  12,  of  the 
greateft  Square  4,  and  the  Number  3  of  their  Multitude, 
and  as  the  third  of  the  Produél  12  is  but  4,  whereas'it 
Ihould  be  5,  the  difference  i,  which/is  \  of  the  true 
Sum  and  i  of  the  falfe  Sum  4,  is  fb  confiderable  only 
in  the  Number  of  three  Squares. 

If  you  confider  a  greater  Number  of  Squares,  for  in- 
ftance,  the  fix  firft,  o,  1,  4,  9,  16,  2 <5,  whofe  Sum  is 
5  5,  this  Sum  ought  to  be  equal  to  a  third  of  the  Pro* 
dù<ft  150,  of  the  greateft  Square  25  j  multiplied  by  the 
Number  of  their  Multitude  6. 
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And  ^ncc  the  third  of  .the  Produâ:  I'^o  is  but  ^o> 
whereas  it  ought  to  be  the  diflferen'ce  ^  which  is  f  ^  of 
.  the  true  Sum  «^5,  or  yo  of  the  falfe  Sum  50,  is  ftill  pretty 
confiderable  ;  but  not  fo  much  as  the  fir  ft,  becaufe  the 
Number  of  Squares  is  greater. 

Let  us  take  then  ftill  a  greater  Number  of  Squares,  as 
the  nine  firft,  o,  i,  4,  9,  16,  2'^,  96,  49,  64,  whofe 
Sum  is  204,  which  if  the  Number  of  Terms  had  been 
infinite,  “ought  to  be  equal  to  a  third  of  .the  Product  576, 
of  the  greateft  Square  64,  multiplied  by  9  t^eir  Multitude, 
and  fince  the  third  of  the  Produft  ^76,  is  but  192,  in- 
f^Gad  of  being  204,  the  difference  12,  that  is  of  the 
true  Sum  204,  or  g  of  the  falfe  one  192,  Is  ftill  lefscpn- 
fiderable  than  the  former. 

Since  therefore  by  equally  increafing  the  Number  of 
the  Squares,  the  difference  always  lefi'ens  after  the  fame 
manner,  as  may  be  feen  by  the  three  Frayions  -, 
or  bv  the  three  -f,  ,  whofe  Denominators  exceed 

one  another  by  6,  Tis  eafie  to  conclude  the  more  Squares 
you  take,  the  lels  confiderable  the  difference  will  be,  fo 
that  it  will  become  nothing,  when  the  Number  ofSquares 
fhall  be  infinite,  and  thus  the  Sum  of  ap  Infinity  ofSquares 
is  precifely  equal  to  a  third  of  the  Produdi  of  the  greateft 
and  the  Number  of  their  Multitude.  Which  was  to  be  de- 
monfirated^ 

! 

"  Another  De monjirati  on. 

Since  the  Sides  of  the  Squares  are  in  continual  Aritfi- 
dfite  AT.  metic  Proportion,  they  may  be  all  conhderM  in  a  Pyra- 
123.  mide,  for  inftance,  A  BCD,  whofe  Bafe  ABC  is  the 
greateft  Square,  and  the  Yertex  D  the  leaft,  or  o,  fo  that 
all  the  Squares  that  cpmpofe  the  Pyramid,  divide  the 
Height  DE,  into  an  infinite  Number  of  equal  Parts,  and 
DE  will  reprefent  the  Multitude  of  all  the  Squares,  whofe 
Sides  will  be  in  continual  Arithmetic  Proportion,  name¬ 
ly,  in  the  lame  proportion  as  the  Parts  of  the  Height  1 
DE,  reckoning  them  from  the  Vertex  D.  Conceiving  ' 
therefore  all  the  Squares  clapp’d  one  upon  another  to  fill 
the  Pyu-amid  ABCD,  which  ty  7.  12.  is  a  third  of  the 
Prifm  ABCFGH,  of  the  lame  Bafe  and  Height,  and 
whofe  Solidity  is  equal  to  the  Produdf  of’  the  Bafe  ABC, 
and  Height  DF,  or  AH,  it  follows  thîit  the  third  of  the 
Produeft  of  the  grr^a  teft  Square  ABC,  and  Number  DE 

of 
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.of  the  Multitude  of  all  the  S<iuares  is  equal  to  their  Suui, 

[  that  the  Pyramid  ABCD  reprefeuts.  Which  was  to  be 
!  demonflrated, 

I  A  Third  Demonflration, 

\ 

Defcri'be  on  the  Ordinate  AC,  to  the  Axe  AB,  ofpjateXf, 
the  Parabola  ABC,  the  Reéfangle  ACDB,  divide  its  X24.. 
Side  BD  into  an  infinite  number  of  equal  Parts,  that  you 
may  draw  thro’  the  Pcnnts  of  Divifon  E,  F,  G,  the  Pa* 
rallels  EH,  FI,  GK,  to  the  vSide  CD,  bounded  by  the 
Circumference  of  the  Parabola  at  the  Points  H,  I,  K, 
thro’  which  draw  HL,  M,  KN  parallel  to  the  Ordi¬ 
nate  AC.  ’Tis  evident,  that  all  the  Parallels  EH,  FÎ, 

GK,  make  up  the  Parabolic  Complement  BCD,  and  the 
Line  BD  reprefents  the  number  of  the  Parallels  whofe 
values  are  in  the  Ratio  of  the  Squares  of  the  natural  num¬ 
bers  o,  I,  2,  3,  4,  ^c,  becaufe  they  are  equal  to  the  Parts 
of  the  Axe  BL,  BM,  BN,  that  are  in  the  fame  Propor¬ 
tion  by  the  nature  of  the  Quadratic  Parabola,  and  thus 
all  the  Parallels  EH,  FÏ ,  GK,  DC,  of  the  Parabolic  Seg¬ 
ment  BCD,  may  be  confider’d  as  the  Squares  of  Qiianti- 
ties  in  Arithmetic  Progreffion,  whofe  greateft  is  CD,  and 
Jeaft  o,  or  the  Point  B  :  wherefore  the  Sum  of  all  thefe 
Parallels,  or  the  Parabolic  Complement  BCD,  being  by 
Theorem  equal  to  a  third  of  the  Rectangle  ACDB, 
whofe  Area  is  equal  to  the  Product  of  the  Lines  BD, 

CD,  it  follows  that  the  Sum  of  the  Squares  of  the 
Infinity  of  Quantities  Arithmetically  Prpportional,  be¬ 
ginning  at  o,  is  equal  to  a  third  of  the  Produft  of  the 
greatelt  CD,  and  the  number  BD  of  their  multitude. 

Which  was  to  be  Demonflrated, 

theorem  XII. 

The  Sum  of  the  Cubes  of  an  Infinity  of  Quantities  in  A~ 
rhhmetic  Vrogreffion,  beginning  at  o,  U  equal  to  a  fourth 
of  the  Produd  of  the  greatefi  Cube  by  t^e  number  ef 
Terms, 

I  Say  the  Sum  of  the  Cubes,  o,  i,  8,  27,  64,  i2'5,  216, 

-.3435  512,  729,  1000,  133 X,  of  the  natural  num¬ 
bers  o,  I,  >2,  3,  4,  6,  7,  8;  9,  fo,  II,  that  repre- 

ifeht  Quantities  in  an  Arithmetic  ProgrcfTion  is  equal  to 
'  a 


0 


io8 


A  Treattfe  0/ Geometry. 

s.  Qiiarter  of  the  Produ«5^:  of  the  greateft  of  thefe  Cubes 
by  the  Jiumber  that  exprefïès  the  Multitude. 

DEMONSTRATION. 

•  ' 

Let  us  confider  for  inftance  the  frll:  four  Cubes^  o,  i, 
8,  27,  whofeSumis  36,  which,  if  the  number  of  Cubes 
were  infinite,  ought  to  be  equal  to  a  quarter  of  the  PrO'? 
duift  108,  of  the  greatell  Cube  27,  by  4  the  number  of  their 
multitude:  And  fince  a  quarter  df  the  ProduA  108,  is 
but  27,  inftead  of  being  36,  the  difference  9,  that  is  ^ 
of  the  true  Sum  3d,  or  ^  of  the  falfe  one  27,  is  pretty 
confiderable  in  thç  number  of  only  four  Cubes, 

O’  - o 

I -  I 

2—  8 

3 -  27 


Sum 

36- 

1 

1 

4 - ». 

—  64 

5— 

125 

- 

216 

7~ - 

343 

Sum 

784- 

If  ■  .L 

“  T  7 

8 

—  ^12 

9 — . 

729 

10 — ^ — — 

— »IOOO 

XI-—: - - 

1331 

Sum 

V. 

4356- 

—  I  .  Ï 

I  r  I T 

If  you  confider  a  greater  number  of  Cubes,  for  inftance  | 
the  eight  firft  Cubes  o,  i,  8,  27,  64,  125,  216,  343,  whofe 
Sum  is  784,  this  Sum  784  ought  to  be  equal  to  a  quarter 
of  the  Product  2744  of  the  greatell  Cube  343  by  the 
number  of  Terms  8  j  and  fince  a  quarter  of  the  Produft  • 
2744,  is  but  686,  whereas  it  ought  to  be  784,  the  diffe¬ 
rence  that  is  ^  of  the  true  Sum  784,  or^  of  the  falfe 

on^ 
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1;  one  6S6j  is  ilill  pretty  confiderable,  but  not  fo  much  as 
:  the  firft,  becaufe  the  number  of  Cubes  is  greater. 

Let  us  take  then  ftill  a  greater  number  of  Cubes,  as  the 
I  twelve  frft,  o,  1,8,27,  64,  125,  216,  943,  512,  729, 

,  I  CO  3,  1931,  whofe  Sum  is  43  ^  6,  which  if  the  number  of 
j  Cubes  were  infinite,  fhould  be  equal  to  a  quarter  of  the 
'  Product  15972  of  the  greateft  Cube  1331  by  the  num¬ 
ber  of  Terms  12,  and  fince  a  quarter  of  the  Produél  15972 
I  is  but  3993,  when  it  ihould  be  4356,  the  difference  3 6’3j 
which  is  yV  43^6,  and —■  of  the  falfe 

3993,  is  ftill  lefs  confiderable  than  the  former. 

Since  therefore  in  equally  increafing  the  number  of  the 
Cubes,  the  difference  continually  decreafes  after  the  fame 
mannetjas  may  be  feen  here  by  the  threePradions;^,  *1, 
by  three  -i,  1,  —j'^'^hofe  Denominators  exceed  one  another, 
by  4,  "tis  eafie  to  conclude,  that  the  more  Cubes  you  take 
.  the  lefs  confiderable  the  Difference,  fb  that  it  will  become 
nothing,  when  the  number  of  Cubes  fiiall  be  Infinite,  and 
thus  the  Sum  of  the  infinite  Cubes  is  precifely  equal  to  a 
quarter  of  the  Product  of  the  greateft  Cube  by  the  num- 
l^r  of  the  Terms.  Which  was  to  be  Dcfnonflrated, 

Another  Demonfiration, 

Defcribe  on  the  Ordinate  AC  to  the  Axe  AB  of  the  ^ 

Cubic  Parabola  ABC,  the  Rectangle  ACDB,  and  hav-  ^ 
ing  compleated  the  reft  as  in  the  preceding  Theorem  ;  A?*  ï24<* 
you  will  find  all  the  Parallels  EH,  FI,  GK  compofing 
the  Parabolic  Complement  BCD,  and  the  Line  BD  re- 
prefenting  the  number  of  the  Parallels,  whofe  values  are 
in  the  Ratio  of  the  Cubes  of  the  numbers  o,  i,  2,  3,,  4, 

^c.  becaufe  they  are  equal  to  the  Parts  of  the  Axe  BL, 

BM,  BN,  that  are  in  the  fame  Proportion  by  the  nature 
of  the  Cubic  Parabola  ;  and  thus  all  the  Parallels  EH, 

FI,  GR,  DC  of  the  Parabolic  Segment  BCD,  may  be 
confider’d  as  the  Cubes  of  Quantities  in  Arithmetic  Pro- 
grcffion,  whofe  greateft  is  CD,  and  leaft  o,  or  the 
Point  B  ;  wherefore  the  Sum  of  all  the  Parallels  or  the 
Parabolic  Complement  BCD,  being  by  Theorem  9.  equal 
to  a  quarter  of  the  Recftangle  ACDB,  whofe  Area  is  equal 
to  the  Product  of  the  Lines  ED,  CD,  it  follows  that  the 
Sum  of  the  Cubes  of  the  Infinity  of  Quantities  Arithme¬ 
tically  proportional,  beginning  at  o,  is  equal  to  a  quarter 
of  the  Produ<ft  of  the  greateft  CD,  by  the  number  BD 
of  their  ]vlultitud,e.  l^ich  was  to  be  De  monfir  ate  i, 

5  C  H  O- 


V 


ïiô 


Tiate  XK 
i^?ÿ.i24. 


Bg.  Il  J 


ATreatifeof  Geometi^y.- 

SCHOLIUM.  1 

In  imitation  of  this  and  the  foregoing  Theorem',  i 
eafe  to  demonftrate,  taking  ABC  for  a  Biquadratic  Pa-  i 
rabola,  that  the  Sum  of  the  Biquairatet  of  Quantities  in  I 
Continual  Arithmetic  Proporiiony  beginning  at  c,  is  equal  to  I 
a  fifth  part  of  the  Froduil  of  the  greaieft  by  their  num-  [• 
her  :  And  fuppofîng  ABC  to  be  a  Surfolid  Parabola,  that  U 
the  Sum  of  the  Surfolids  of  an  Infinity  of  Quantities  in  an  |i 
Arithmetic  Progreffion  beginning  at  o,  is  equal  to  a  fixth  I 
part  of  the  Produii  of  the greatefi  by  their  number*  And 
fo  on. 

Thus  you  fee,  by  this  and  the  two  foregoing  Theorems,  . 
that  the  Sums  of  the  Squares^  CuheSy  Biquadrates  and 
Surfolid  and  other  Powers  r  ai  fed  higher  and  higher  ^  of  àn  | 
Infinity  of  Quantities  in  Arithmetic  Proportion,  are  to  the  j 
Produis  of  thcgreatefl  by  the  number  of  their  Terms,  as 
Unity  Ù  tO' the  following  natural  numbers,  2,  3,  4,  <5,  6,  ^c. 
Which  defgrveS  to  be  taken  notice  of^  becaufe  it  fefves 
toSquate  tke  CiMeor  Hyperbola, 

THEOREM  Xlït 

A  Circle  is  equal  to  half  the  Reilangle  under  the  Perimeter 

and  its  Radius, 

This  Theorem  is  evident  by  what  has  been  dcmon- 
ftrated  of  a  Regular  Polygon  in  Theor.  5.  becaufe 
the  Circle  is  properly  a  regular  Polygon  of  an  infinite 
number  of  Side's,  whore  Perpendicular  is  equal  to  the 
Radius. 

Or  imagine  the  Radius  AB  divided  into  an  infinite' 
number  of  equal  Parts,  and  defcribe  on  the  Center  A,, 
thro’  the  Points  of  Divifion,  as  many  Circumferences  of 
Circles,  which  will  be  in  Arithmetic  Progreffion,  becaufc 
their  Radij  increafes  equally,  and  the  Circumlerences  are 
in  the  fame  Ratio  With  their  Radij,  and  becaufe  the  Sum 
of  all  the  Circumferences  or  Quantities  in  Arithmetick 
Progreffion,  corapofing  the  Circle,  is  equal  to  half  the 
Produd  of  the  greateft,  which  is  the  Circumference  of  the 
Circle,  by  their  number,  which  is  the  Radius  AB,  by 
Theor.  10.  it  follows  that  the  Circle  is  equal  to  half  the 
Rectangle  under  its  Circumference  and  RadHis^  If^hich 
was  to  be'  Vemonflratedè 
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SCHOLIUM. 

After  the  fartle  manner,  you  may  demonftrate  that  the 
Aréa  of  the  Sector  of  a  Circle,  is  equal  to  half  the  Rectan¬ 
gle  under  the  Are  that  ferves  for  a  Bafe,  and  Radius, 
which  is  the  Side  of  the  Sector. 

THEOREM  XIV. 

The  Diameter  of  a  Circle  U  to  its  Circumference,  âs  lOO 

^  to  3  1 4,  nearly, 

I  Say  the  Diameter  AB  of  a  Circle,  whofe  Center  is  Plate  XV, 
D,  is  to  its  Circumference,  as  loo  is  to  314  near- 125. 

PREPARATION. 

Defcribe  as  in  Theorem  8.  from  the  Curve  or  Semicircle 
ACB,  the  C  urve  ASM,  which  I  ihall  call  the  Geometric 
Quairatrix^  becaufe  ’tis  of  ufe  in  thé  Quadrature  of 
the  Circie,  that  is  to  fay,  in  the  knowledge  of  the  Area  of 
the  Circle  :  Namely  by  making  the  Ordinate  GH  equal 
to  the  correfponding  part  bfthe  Tangent  at  the  Vertex AF, 

OT,  which  is  eafier,  to  the  Line  DI  terminated  by  BE  in  the 
indefinite  Line  DK  perpendicular  to  the  Diameter  AB,  be¬ 
caufe  that  Line  DI  is  equal  to  the  correfponding  Tangent 
AF  or  EF,  as  may  be  feen  by  joyning  the  right  Line  DF, 
that  bifeCts  the  Angle  at  the  Center  ADE,  half  of  which 
ADF  is  equal  to  the  Angle  at  the  Circumference  ABE, 
which  makes  the  ReCtangled  Triangles  DAF,  BDI  fimi- 
lar  and  equal,  î^c, 

*Tis  evident  that  the  Curve  ASM  being  continued, 
will  approach  nearer  and  nearer  to  the  right  Line  BV 
perpendicular  to  the  Diameter  AB,  without  ever  meeting 
it,  and  fo  the  right  Line  BV  will  become  its  Afympfo- 
te  :  And  the  indefinite  fpace  terminated  by  the  indeter¬ 
minate  Curve  ASM,  its  Axe  AB,  and  Afymptote  BV  is 
equal  to  a  Circle  whole  Diameter  is  AB,  becaufe  the 
Space  AGHT  is  double  the  correfpondent  Segment  AE, 
by  Theorem  8.  and  in  like  manner  the  fpace  ADRH 
is  double  the  correfpondent  Segment  ACEj  and  fo  the 
fpace  ALMS,  double  the  correfpondent  Segment  AXE, 
and  fo  on  to  the  indefinite  Space  ABVM,  wliich  willbc 

double 
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double  the  Semicircle  ABC,  or  equal  to  the  Circle  that 
has  for  its  Diameter  AB. 

’Tis  evident  allb  that  theOrdinateDRjto  the  Center  0,1$ 
equal  to  theRadius  DAjand  confequently  the  Parallelogram 
RDAQ^  is  a  fquare,  whofe  Side  AQ^  muft  be  divided  into 
an  infinite  number  of  equal  Parts,  to  draw  the  Lines  NT, 
OH,  PS,  CS’c.  thro’  the  Points  of  Divifion,  that  may  fill 
up  the  complement  ARQ,  whofe  Area  being  determined 
in  Analytic  Terms  will  ferve  for  the 


DEMONSTRATION. 

[ 

Tlate  XV,  Put  a  for  the  Radius  AD  or  BD,  confequently  ia  for 
fig,  i2fÿ,  the  Diameter  AB,  x  for  the  Ordinate  GH,  or  AF  or 
DI,  and  ^  for  the  Part  AG,  and  you  will  have  for 

BG,  and  confequently  for  the  fquare  GE,  equal 

to  the  Rectangle  of  the  Lines  AG,  BG,  by  3^.  3.  be- 
caufe  the  four  Lines,  BD,  DI,  BG,  GE  are  proportio¬ 
nal  ^^4.  6.  the  Triangles  BDI  and  BGE,  being  fimilar, 
their  Squares  alfo  will  be  proportional  by  22.6.  and  you 
will  have  in  Analytic  Terms  this  Proportion  aa^  xx:'4aa — 
^(iy-\~yy,  'lay — -J(^,dividing  their  laft  Terms  by  Q.U’-y,  you 
you  will  have  this,  aa,  xx::2a  ^—y^y,  confequently  this  E- 
quation  aay=z2axx^xxyy  in  which  you  will  find  y^  or 

AGzr. — j —  ,and  dividing  the  Numerator  2axx  by  theDe- 
^  ddA^xx 

2XX  2X^  ox* 

nominator  aa-\~xXjyo\x  Will  have  AG  - - - - - 

d 

2x^ 

&c,  inftead  of  x  the  Ordinate  GH,  you  put  2x-, 


you  will  have  AG  4- 

a  ‘ 


I28x' 


a  la^  a' 

putting  for  the  fame  Ordinate  GH,  you  will  find 

i62x^  i4‘)8x‘^  13122x^0^ 

AG  - 4-  — : — -  ^nd  fo  on. 


*5 12X 


and 


Wherefore  if  you  put  x  for  the  firft  part  AN,  you  will 
have  2X  for  the  fécond  AO,  3X  for  the  third  AP,  and  fo 
for  the  reft,  to  the  Line  AQpzaj  that  exprcftes  the  num¬ 
ber  of  the  Ordinates  NT,  OH,  PS,C5’c.  and  fill  pp  the 
Complement  ARQ^:  And  then  you  may  find 


NT=; 
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NT 

OH 

PSr 


_  'ixx 
a 

a 

i8xx 

a 


+  TT- 


32x'^ 
lôix"^ 


p7  J 


&C, 


+ 


I28x‘ 


5  12X  “ 


&c. 


4' 


+ 


i458x^ 


13122X 


j  &c. 


And  fo  for  the  reft,  tothegreateft 

You  may  find  by  the  help  oîThecr,  ii.  and  12,.  the  Sunt 
of  all  the  Ordinates  infinite  in  number,  that  is  to  fay  the 
Complement  ARq,  becaufe  all  the  fimilar  Terms,  whofe 
Numerators  are  the  values  of  all  the  Lines,  are  double 
the  Powers,  whofe  Sides  are  in  the  Progrcflion  of  the 
natural  numbers,  i,  2,  3,  4,  ^c.  and  confequently  in  an 
Arithmetic  Progreftion.  So  you  may  find  by  Theorem  ii. 
that  the  Sum  of  the  Nun^rators  of  all  the  firft:  terms 
2XX,  Sxx,  i8xx,  and  is  equal  to  l-a\  and  by  Theor,  12. 
that  the  Sum  of  the  Numerators  of  the  fécond  Terms  2x'^, 
32x‘^,  i62x‘^  and  is  equal  to  and  the  Sums  of  the 
Numerators  of  all  the  third  Terms  2X'®,  i28x‘*,  145  8x*®, 
c5'c.  is  equal  to  and  fo  on.  Whence  it  follows,  that 
the  Sum  of  all  the  Infinite  Lines  NT,  OH,  PS, 
or  the  Complement  ARQ  is  equal  to  ~  aa — laa-\-^a — 
^c,  from  whence  taking  the  Square  RDACL  equal 
to  there  will  remain  aa~^^aa-\-‘jaa — ^aa—!}aa^c,  for 
the  fpace  ARD, whofe  half  ^aa — -\aa — — hiaa-\-^aay^c, 
will  be  by  Theor,  8.  the  Area  of  the  Correfpondent  Seg¬ 
ment  ACE,  to  which  adding  the  Area  of  the  reft-angled 
Ifofceles  Triangle  ADC,  equal  to  -  aa^  you  will  have 
aa — \a^-\^~aa — CS'r.for  a  quarter  of  the  Circle 
ADCÉ,  whofe  Quadruple  â^aa—^^aa^^aa — ^aa-Ylaa.î^c,, 
will  be  confequently  the  Area  of  the  whole  Circle,  which 
being  equal  to  half  the  Re(51angle  under  the  Circumfe¬ 
rence  and  Radius  by  Theorem  13.  divide  it  by  half  the 
Radius,  that  is  by  you  will  have  %a — •!<«-(- 
^c.  for  rhe  Circumference  of  the  Circle.  Whence  it 
follows,  that  the  Diameter  of  a  Circle  is  to  its  Circomfe- 
rence,  as  2^*  is  to  ^ or  as  i  to 
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’Tis  eafie  to  continue  thefe  Fra(fi:ions  in  Infinitum,  Le- 
caufe  they  have  the  fame  Numerator  8^  and  their  Deno¬ 
minators  3/ 3c;.  99,  19^,  CS’o'.  that  are  fquare  Numbers 
leffen’d  by  Unity,  are  in  a  Progreffion  of  the  fécond  De¬ 
gree,  becaufe  the  Differences  of  their  Differences  are  equal, 
namely  32.  ’Tis  evident  the  more  you  continue  thefe  Fra- 
ftions,  the  more  you  approach  the  Ratio  of  the  Diameter  to 
the  Circumference,  fo  that  if  you  continue  thç  whole,  and 
find  their  Sum,  you  would  have  their  Ratio  precifely.  We 
have  continued  it  in  the  following  Table  to  the  Number 
of  3 1  ^  Denominators,  which  is  the  Ratio  of  the  Diameter 
,of  a  Circle  to  the  Circumference  to  a  Hundredth  Part . 


Table 


Partin.  0/ Plakimetry.  .  ii$ 


^  Table  of  the  Denominators  of  Ira^lons,  rohofe  common 
Numerator  is  8,  and,  that  make  up  the  Cirsumference  of  a  Circle^ 
rohofe  Diameter  is  i. 


5 

14883 

58563 

I3I043 

232323 

562405 

3^ 

rj87y 

60515 

I339SS 

236195 

367235 

99 

16899 

62499 

136899 

240099 

372099 

19^ 

i79Ty 

64515 

139875 

2440 3 y 

376995 

32; 

19043 

665'63 

142883 

248003* 

581925 

48; 

20163 

60643 

145:923 

25-2003 

386883 

67  r 

21315- 

TOTS' 5: 

148995 

25*6035 

391875 

899 

22499 

T2899 

I5'2099 

260099 

396899 

2371J- 

7S07S 

155^35 

264195 

401955 

144; 

2496? 

77283 

158403 

268323 

407043 

1763 

26243 

79^23 

161603 

272483 

412165 

Zllf 

81795 

164835 

276675 

4I7ÎIÎ 

2499 

28899 

84099 

168099 

280899 

422499 

2915: 

30275 

86435 

17139s 

285155 

427715 

53^; 

31683 

88803 

^723 

289443 

43*963 

3843 

33123 

91203 

178083 

293763 

438243 

43yy 

9363s 

181475 

298115 

443 ffy 

4899 

36099 

96099 

184899 

302499 

448899 

^47^ 

37635 

9859s 

188355 

306915 

454*75 

6085 

39204 

IOII23 

191843 

311363 

459683 

6723 

40805 

103683 

195363 

315843 

465125 

739J 

4243  ^ 

I 0627 f 

198915 

320355 

470595 

8099 

44099 

108899 

202499 

324899 

476099 

883Î 

AS19S 

IJISSS 

206115- 

3*9475 

481655 

960; 

47^2^ 

114243 

209763 

334083 

487205 

10403 

49283 

116963 

213443 

338723 

492805 

II235' 

51075 

II97IS 

217155 

343395 

498435 

12099 

52899 

122499 

220899 

348099 

504099 

I299J 

r47îî 

125315 

224675- 

352835 

509795 

M3923 

S' 6643 

128163 

228483 

357603 

5155*3 

1 

i 

i 
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708963 

92^443 

1170723 

1444803 

javojj 

711711 

935155 

II7959T 

1454455 

Î22899 

722499 

940899 

1188099 

1464099 

7295IÎ 

948675 

1196835' 

147379? 

Î4464? 

936487 

1205:603 

1483525 

741 041 

964323 

1214403 

1495283 

'7499f> 

9711,9$ 

122323^ 

1505075 

î 62499 

7)6899 

980099 

1232099 

1512899 

763873 

988055' 

1240995 

1522755 

r  745' <5*5 

770883 

996903 

1249923 

1332643 

5*  80643 

777924 

1004003 

1258883 

1342363 

5867?^ 

784993 

101203^ 

1267875 

J5?25I5 

•S'92879 

992099 

1020099 

1276899 

1362499 

S9907S 

7992 3 f 

1028195’ 

1283933 

^572?!? 

6OÇ283 

806403 

1036323 

1295043 

1582563 

611^2'^ 

813603 

1044483 

1304163 

617791 

8208 3 y 

IOÇ2675’ 

1313315 

624099 

820099 

1060899 

X 322499 

650  5j 

833393 

10691,33 

1331713 

636803 

842723 

Ï 077443 

1 340963 

64}2o3 

8  5*  008  3 

io85'763 

1350243 

64963  y 

837473 

1094213 

^3$9$$$ 

65'6o99 

864899 

I 102499 

1 368899 

6625^95* 

872333 

1110915' 

1378275 

669123 

879843 

11Ï9363 

1387683 

67^683 

887363 

1127843 

1397123 

6^12’j] 

894913 

1136355 

1406595 

688899 

902;4-99 

1144899 

1416099 

691 1 1 1 

910115' 

1153475 

1425635 

702243 

917763 

1162083 

1433203 

Thefe  Fra6î:ions  may  be  changed  into  whole  Numbers^  and 
lb  fitted  for  Addition^  if  inftead  of  fuppofing  the  Di?; meter  to 
be  I,  you  fuppofe  it  to  be  loooooooo,  and  fo  the  Numerator 
inflead  of  being  85  will  become  80000000,  which  divided  by 
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the  Denominators  of  the  foregoing  Table,  namely,  firft  by  3,* 
and  then  by  35,  by  99,  by  195,  by  723,  will  give  the  fol^ 
lowing  Numbers  inftead  of  the  foregoing.  j 


A  Table  of  Parts  of  the  Circumference  of  Circle^  whofei 

Diameter  is  lOOOOOODO,  |  ■ 


266666667 

312236366 

313178896 

i3i35'oi379 

2285'7I43 

71206 

18852 

>7-  8f44 

8080808 

66I2I 

1814T 

832Î 

410204' 

61^62 

1  17469 

1  „  81 14 

2476780 

^745*9 

'  16834 

!  79ii 

16233 

7.'  77^^ 

;o5'840277 

312^46467 

313266425 

375141989 

ii85'i85' 

50394 

IS  660. 

7128 

889878 

47340 

I5I23 

7346 

692641 

44^96 

14611 

7171 

55*4400 

42010 

'  14124 

i  7003 

4)577^ 

^9677 

1  ^  I3'66i 

6840 

309616155 

3 1 2770444 

.313339607 

3155-77877 

378250 

37)52 

1  13220 

'  6682 

320128 

35557 

12800 

6531 

274442 

33734 

,  12400 

6384 

237883 

32047 

12019 

6242 

208171 

30484 

.  ïi6fç 

6105 

5iio;jo27 

312939798 

313401701 

313609821 

183697 

29033 

II  307 

r”  5972 

163299 

27683 

10974 

5844 

146119 

26424 

10656 

5719 

131Î14 

25250 

10352 

1199 

118994 

241 52 

*  IÜ060 

5482 

1117786Ç0 

313072340 

3134JJ45'o 

'313638437 

IO8181 

23T2Ç 

9780 

1569 

98778 

22161 

9513 

5260 

90549 

21257 

9255 

5153 

83307 

20407 

9009 

5050 

i  76901 

19606 

8772 

4910 

1312236366 

313178896 

31 3 501 379 

3I36642J  9 
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^13664219 

313777^88 

313848706 

313897483 

485' 3 

2891 

1917 

1363 

.  47Î9 

2848 

'  1893 

1349 

4668 

28oy 

1870 

i33f 

4Î79 

2764 

1848 

1322 

4492 

2723 

1825' 

1308 

313687^70 

313791619 

3138^80^9 

313904160 

4408 

2684 

1804 

1295: 

4327 

264J 

1782 

1282 

4247 

2607 

1761 

1269 

4170 

2^69 

1740 

1256 

4095 

9^3 

1720 

1244 

313708817 

3138046^7 

313866866 

313910506 

7  4022 

2497 

1700 

1231 

■  39^1 

2462 

1680 

I2I9 

3881 

2428 

'  1661 

1207 

3814 

239^ 

1642 

1196 

3748 

2362 

1623 

1184 

313728233 

313816801 

31387J172 

313916^43 

3684 

2330 

1605' 

1173 

3622 

2298 

1^87 

II61 

3f6i 

2267 

15-69 

1150 

3^01 

2237 

155-2 

1139 

U45 

2207 

1128 

313746044 

313828140 

313883020 

313922294 

3387 

2178 

1518 

iii8 

3332 

2150 

1501 

1107 

3278, 

2122 

148? 

J097 

3226 

2095 

1469 

1087 

2068 

i4n 

1 077 

313762442 

3138387J3 

313890446J 

3 1 3927780 

,  3125: 

2041 

1438 

1067 

3076 

2016 

1422 

10^7 

3028 

1990 

1407 

1047 

2981 

1965 

1392 

1038 

2936 

1941 

1378 

102:8 

313777^88 

:?8487o6 

3138974.83! 

31 393ÎOI7 

\ 


Part  in.  Of  P 

lanimetry. 


319953017 
1019 
*  10 10 
1002 
991 
983 

31395:0008 

823 

816 

810 

803 

797 

3x397475-7 

678 

675 

668 

664 

6^9 

313990339 

169 

î6i 

313938022 

3I396oo5'7 

513978099 

31399314^ 

91S 

790 

'  6î'4 

5^0 

966 

784 

649 

J46 

9j8 

778 

644 

543 

949 

772 

640 

5?9 

941 

766 

^3T 

536 

31394281 1 

313963947 

313981322 

313995859 

9?? 

760 

631 

532 

92^ 

7S'4 

627 

529 

(  917 

748. 

622 

.525 

909 

\  742 

618 

522 

902 

737 

613 

519 

5 1 Î947397 

3 1 3967688 

313984433 

313998486 

894 

731 

609 

5*5* 

886 

726 

605- 

512 

879 

720 

601 

509 

872 

71^ 

S97 

f  06 

'  ■  864 

709 

Î92 

3i}9fi792 

313971289 

313987457 

314000Ç28  J 

85:7 

704 

^88 

s 

85'o 

699 

Î84 

! 

845 

694 

580 

«  1 

836 

688 

Î77 

1 

830 

683 

Î7I 

1 

31395:6008 

5^9747^7 

313990339 

1 

If  you  add  thefe  Numbers,  as  we  have  done  here,  by  fives^ 
their  Sum  314000528  will  be  the  Circumfèrence  of  a  Circle, 
wbofe  Diameter  is  looocoooo.  Thus  you  fee  the  Diameter  ot 
a  Circle  is  to  its  Circumference,  as  about  lODOooooo  t® 
314000528,  or  100  10314»  Which  wibs  to  bo  dsmonfirated, 

I  4  S  C  H  O- 
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r  SCHOLIUM. 

Zudolp,  Yan  Ceulen  has  found  by  Polygons  infcrib’d  and 
circLimfcrib’d,  after  Archtmede^s  Method,  that  the  Dia¬ 
meter  of  a‘  Circle  being  leoo,  ooo,  ooo,  ooô,  ooo,  ooo, 

I  <  ooo,  its  Circumference  is  between  thefe  two  Numbers, 

-  3145  1592*26^,  958,  979,  329,  846,  264,  93^2  32729^0» 

:  914,  159, *265,  958,  979,  929,  846,  264,  998,  927,  951, 

N  In  fmall  ?  Calculations,  Archimede^s  Ratio  will  ferve, 

^  ’  which  is  tjiat  of  7  to  22,  and  differs  from  that  of  100  to 

:  314,  in  thib,  that  22  is  a  Number  too  great,  9 14  too  little  ; 

•  but  the  defèéî:  is  not  fo-confiderable  as  the  Excefs,  fo  that 

•  in  PrafticO  ’tis  better  to  ufe  the  Ratio  of  100  to  314,  in 
.in  fmafi  Calculations,  but  in  large  ones  the  Ratio  of 

I  ;  ^  “ioooooo,  to  914159, 

;  :  !  THEOREM  XV. 

i-  "a  Î  ■ 

I  C  The  Area  of  a  Circle  is  to  the  Square  of  its  Diameter 
785  to  Ï10Q0  nearly, 

,  -tTr  1  Area  of  the  Circle  EFGH,  is  to  the  Square 

Hate  aV.  ABCD,  of  its  Diameter  EG,  as  785,  to  1000,  .that  is 
Ftg,  120.  to  fay,  if  the  Area  of  the  Circle  EFGH,  is  785  Square 
Feet,  the  Circumferib’d  Square  ABCD,  will  contain 
'about  1000.  ' 

D  e'm  onstration. 

If  you  fuppofe  the  Diameter  EG  100  Feet  long,  the 
.  Area  of  the  Square  ABCD  will  be  10000  Feet  Square, 
and  the  Circumference  EFGH  will  be  914  Feet  long,  by 
:  Theor»  14,  and  the  Reéfangle  under  the  Diameter  and 

Circumference  will  be  3 1400  Square  Feet,  its  half  will 
give  I  <5  700  Square  Feet,  for  the  double  of  the  Area  of 
the  Circle  by  Theor,  19.  wherefore  taking  half  this  half, 
you  will  have  7850  Feet  Square,  for  the  Area  of  the  Circle 
EFGH.  Thus  you  fee  the  Area  of  the  Circle  EFGH, 
is  to  the  Square  ABCD  of  its  Diameter  EG,'  as  7850  to 
10000,  or  in  lefs  Numbers  as  785  to  1000,  Which  vsas 
to  be  Detnmflrated* 

s  c  H  a- 


I 


I 


\ 


\ 
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One  might  leflen  the  Terms  of  this  Ratio,  by  dividing 
each  by  their  common  meafure  5,  but  ’tis  better  to  leave 
it  as  it  is,  becaufe  the  number  1000  is  more  commodious 
than  any  other,  fincc  by  this  means  you  avoid  Multipli¬ 
cation  or  Divilion,  which  in  Praélice  you  would  be  forced 
to  do  by  any  other  ;  we  ,fhall  therefore  negled  the  Ratio  '' 
of  II  to  14,  commonly  ufed,  becaufe  not  lb  commodious, 
nor  exaél  as  that  of  785  to  1000,  and  if  we  would  be 
more  exa<5t,  will  ufe  that  of  785398  to  1000000. 

\ 

THEOREM  XVI. 


}  -'r 


An  EUzpfe  ts  etjual  to  a  Circle^  whofe  Diameter  is  a  mean 
Proportional  betvoeen  the  two  Axes  of  the  EUipfe, 

T  Say  the  Ellipfe  ABCD,  whofe  two' Axes  are  AC,  BD, 
•*-  is  equal  to  a  Circle  whofe  Diameter  is  a  mean  Propor- 


;qual  to  a  i.^ircie  wnoie  1  .diameter  is 
tional  between  the  two  Axes  AC,  BD. 

PREPARATION. 


fÿ.  127. 


Make  upon  the  Centre  E  of  the  Ellipfe,  and  the  two 
Axes  AC,  BD,  two  Semi-circles  AFC,  BLD,  and  draw 
from  the  Point  I,  taken  at  diferetion  in  the  Circumfe¬ 
rence  of  the  Ellipfe,  the  right  Lines  IK,  GH,  parallel 
to  the  two  Axes  AC,  BD, 


DEMONSTRATION. 

Becaufe  the  right .  Lines  ED,  HI,  are  two  Ordinates 
to  the  Axe  AC,  by  Def.  10.  the  Re(51:angle  of  the  Parts 
AE,  EC,  or  the  Square  EF,  the  two  Parts  being  equal, 
is  to  the  Reélangle  ofthefe  two  AH,  HC,  or  the  Square 
GH,  35«  3.  Square  DE  to  the  Square  IH,  by 

Def,  35.  WhereC^é  hy  22.  6.  the  four  Lines  EF,  GH, 
DE,  IH,  are  proportional,  and  doubling  the  firft  EF, 
and  third  DE,-  which  are  the  Antecedents  of  this  Pro¬ 
portion,  you  will  find  the  Ratio  of  the  Line  GH,  that  is 
an  Ordinate  in  the  Circle  AC  is  to  the  Ordinate  IH  of 
the  Ellipfe,  as  the  great  Axe  AC,  to  the  little  one  BD. 
Whence  ’tis  eafie  to  conclude  ^  12.  5.  drawing  other  Or¬ 
dinates  common  to  the  Circle  and  Ellipfe,  that  all  the 
Ordinates  of  the  Circle  J^Cj  that  is  to  fay,  the  Circle 
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Tlate  XVL  AC,  is^to  all  the  Ordinates  of  the  Ellipfe,  or  to  the  Eflipfe 
127 .  the  great  Axe  AC,  is  to  the  little  one  BD. 

In  like  manner  becaufe  the  right  Lines  CE,  IK,  are 
two  Ordinates  to  the  Axe  BD,  by  Def*  1  o.  the  Rectangle 
of  the  Parts  BE,  ED,  or  the  Square  BE,  becaufe  the 
two  Parts  are  equals  is  to  the  Reâangle  of  the  two  BK, 
DK,  or  the  Square  KO,  ^  35.  9.  as  the  Square  CE,  to 
the  Square  KÏ,  by  Dzf.  35.  Wherefore  by  22.  6.  the 
four  Lines  BE,  KO,  CE,  Kl,  are  proportional,  and 
doubling  the  fird  BE,  and  third  CE,  that  are  the  Ante¬ 
cedents  of  the  Proportion,  you  will  find  the  Ratio  of  the 
Line  KO,  that  is  an  Ordinate  in  the  Circle  BD,  is  to 
the  Ordinate  KI  in  the  Ellipfe,  as  the  little  Axe  BD,  to 
^  the  great  one  AC.  Whence  ’tis  eafe  to  conclude  by  12»  5. 
drawing  other  Ordinates  common  to  the  Circle  BD,  and 
Ellipfe,  that  all  the  Ordinates  of  the  Circle  BD,  that  is 
to  fay  the  Circle  BD,  is  to  all  the  Ordinates  of  the 
Ellipfe,  or  the  Ellipfe,  as  the  lefs  Axe  BD,  to  the  greater 
,AC. 

Since  therefore  an  Ellipfe  is  to  a  Circle  AC,  as  the 
great  Axe  AC  is  to  the  lefs  BD,  and  the  Circle  BC  is  to 
the  Ellipfe,  as  the  great  Axe  AC,  to  the  lefs  BD,  it  fol¬ 
lows  that  the  Ellipfe  is  a  mean  proportional  between  the 
two  Circles  AC,  BD,  and  confequently  equal  to  a  Cir¬ 
cle,  whofe  Diameter  is  a  mean  proportional  between  the 
two  Axes  AC,  BD,  Which  was  to  bs  demonflratsd. 

PROBLEM  XVIL 

Tljc  Area  of  an  Ellipfe  is  to  the  Reüangîe  of  its  two  AxeSy 
as  to  1000,  nearly* 

I  Say  the  Ellipfe  ABCD  is  to  the  Reélangle  EFGH, 
of  the  two  Axes  AC,  BD,  as  78*5  to  1000,  fo  that  if 
the  Area  of  the  Ellipfe  ABCD  be  785  fquare  Feet,  that 
of  the  circumfcrib’d  Rectangle  EFGH  will  be  about 
1000  fquare  Feet. 

DEMONSTRATION. 

Becaufe  a  Circle  is  to  the  Square  of  its  Diameter,  as 
785  to  1000,  byTheor,  15.  I  fay,  inftead  of  the  two  firft 
Terms,  namely  the  Circle,  and  the  Square  of  its  Dia¬ 
meter,  you  put  an  Ellipfe,  and  the  Rectangle  under  its 
two  Axes,  that  are  in  the  fame  Ratio,  becaufe  by  Theor.  16. 
an  Ellipfe  is  equal  to  a  Circle,  whofe  Diameter  is  a  mean 
proportional  betwecQ  its  two  Axes,  andtonfequently  fuch 

an 
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I  an  one, as  that  the  Square  of  its  Diameter  is  equal  to  the  VlaH  XVI, 
Reaangle  under  its  two  Axes,  by  17.  6.  you  will  find  an  128. 
Ellipfe  is  to  the  Redangle  under  its  two  Axes,  as  785  to 
1 000.  Which  WM  to  be  demonfirated, 

SCHOLIUM. 

jj 

I 

I  The  Ratio  of  1 1  to  14  may  alfo  ferve,  but  not  fo  exad,  if 
you  would  have  one  very  exad,you  may  ufe  that  of  78  5398 
to  1000000,  as  in  the  Circle.  One  tafily  fees  by  this 
Theorem,  that  Ellipfes  are  to  one  another,  as  the  Red¬ 
angles  under  their  two  Axes,  and  that  fuch,  as  have  two 
!  equal  Axes,  are  to  one  another  as  the  two  other  Axes. 

^  Whence ’tis  eafy  to  conclude,  that  two  Ellipfes  are  equal, 

\  when  their  Axes  are  reciprocally  proportional, 

THEOREM  XVIII. 

I  ^  Tight  Cylinder  by  a  Plane  inclined  to  its  Bafe^ 

■  the  SeBion  will  be  an  EUtpfe,  whofe  lejfer  Arc,  will  be 
et^ual  to  the  Diameter  of  the  Bafe  of  the  Cylinder, 

IT  Say,  if  you  cut  the_  right  Cylinder  ABCD,  whofe 

*  Bafe  is  the  Circle  AEBL,  and  Axe  the  Line  TN  Fig,  1 29. 
perpendicular  to  the  fame  Bafe,  by  a  Plane  GHCK  in¬ 
clined  to  that  Bafe,  the  Sedion  GICR  will  be  an  El¬ 
lipfe,  whofe  lefs  Axe  will  be  equal  to  the  Diameter  AB 
of  the  Bafe. 

PREPARATION. 

Make  a  Plane  pafs  thro’  the  Axe  TN,  and  Diameter 
ÀB,  which  being  perpendicular  to  the  Plane  of  the  Bafe 
AEBL,  by  18.  II.  will  cut  the  Cylinder  by  the  Red- 
angular  Plane  ABCD,  and  the  Sedion  GICK,  by  the 
right  Line  CG,  that  will  reprefent  the  length  of  the 
Curve  GICK,  and  which  being  produced  will  meet  the 
Diameter  AB,  alfo  produced  in  a  Point  as  S,  where  the 
Angle  of  the  Inclination  of  the  two  Planes  GICK,  AEBL, 
and  the  Triangular  Plane  SBC,  that  is  perpendicular  to 
the  Plane  of  the  Bafe  AEBL,  is  terminated,  fo  that  all 
the  Points  of  the  Line  CG,  correfpond  perpendicularly  to 
all  the  Points  of  the  Diameter  AB,  as  all  the  Points  of 
the  Plane  GICK  correfpond  perpendicularly  to  all  the 
Points  of  ti  c  Plane  AEBL.  Draw  at  Pleafure  in  the 
Plane  GICK,  the  two  Lines  ÏK,  HQ,  perpendicular  to 
the  Line  CG,  and  on  the  Surface  of  the  Cylinder  thro’ 
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Plate  XVLthe  tvio  Points  H,  I,  the  two  Lines  HE,  IF,  perpendi- 
J>V,  1 20.  cularly  to  the  Bafe  AEBL,  laftly,  in  the  Plane  of  the 
Circle  AEBL,  thro’  the  Points  E,  F,  the  two  Lines  ER, 
FL,  perpendicular  to  the  Diameter  AB,  which  will  di¬ 
vide  them  into  two  equal  Parts  at  the  Points  P,  N,  by 
3.  3.  This  Conftruéfion  is  equivalent  to  that  made  by 
cutting  the  Cylinder  by  the  two  Planes  IKLF,  HQRE, 
perpendicular  to  the  Bafe  AEBL,  and  to  the  Triangu¬ 
lar  Plane  SBC,  which  makes  it  evident  that  all  the  Points 
of  thè  common  Seéfions  IK,  FL,  correfpond  perpendicu¬ 
larly,  as  well  as  thofe  of  the  two  common  Serions  HQ, 
ER,  and  confequently  all  the  Points  of  the  mixtilineal  Fi¬ 
gure  HIRQ,  correfpond  perpendicularly  with  all  the 
Points  ol  the  mixtilineal  Figure  EFLR. 

DEMONSTRATION. 

’Tis  evident  by  6.  ii.  that  the  two  Lines  IK,  FL,  be¬ 
ing  perpendicular  to  the  fame  Plane  SBC,  are  parallel, 
and  equal  alfo  by  34»  i.  becaufe  the  Figure  IKLF  is  a 
Parallelogram,  one  may  find  after  the  fame  manner,  that 
the  two  Lines  HQ,  ER,  are  equal  and  parallel,  becaufe 
the  Figure  HQRE,  is  alfo  a  Parallelogram. 

’Tis  evident  alfo,  that  the  two  Points  I,  F,  being  e- 
qually  diftant  from  the  Plane  SBC,  the  Line  IF  being 
parallel  to  the  Plane,  the  two  Lines  IM,  FN,  made  per¬ 
pendicular  to  the  fame  Plane,  are  alfo  equal  :  And  as  the 
Line  FN  is  half  the  Line  FL,  or  ÎK  its  equal,  the  Line 
IM  will  alfo  be  half  the  Line  IK.  After  the  fame  man¬ 
ner  it  may  be  demonfirated,  that  the  Line  HO  is  half 
the  Line  HQ.  Whence  it  follows  hy  Dêf.  10.  that  the 
Line  CG,  is  a  Diameter  in  refpe<a  of  the  Ordinates  IK, 
Ha,  that  are  parallel,  by  29.  1.  becaufe  each  was  made 
perpendicular  to  the  Diameter  CG,  which  confequently 
will  be  an  Axe.  Thus  you  may  know  the  Line  CG  is 
the  great  Axe  of  the  Curve  GICK,  and  confequently  IK, 
the  lefs.  Suppofingthe  Point  M  in  the  middle  of  the 
Axe  CG,  in  which  Cale  the  Point  N  will  be  the  Center 
of  the  Circle  AEBL,  whofe  Diameter  AB,  orFL  is  con-" 
fequently  equal  to  the  lefs  Axe  IK.  It  remains  therefore 
to  be  demonftrated,  that  the  Curve  GICK  is  the  Cir¬ 
cumference  of  an  Ellipfe. 

Becaufe  the  two  Planes  HQRE,  IKLF  are  parallel, 
being  perpendicular  to  the  fame  Plane  AEBL  the  two 
Lines  AB,  CG,  are  cut  proportionally  by  the  two 

Planes, 


I 


I 

I 
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IPlaneSj  by  17.  1 1.  and  becaufe  the  Reélangle  of  the  Lines  Plate  XVL 
GO,  OC,  is  by  23.  6.  to  the  Rectangle  of  the  Lines  GM,  Pig^  129. 
MC,  in  a  Ratio  compounded  of  that  of  the  Sides  GO, 

GM,  or  of  the  Lines  AP,^  AN,  and  of  that  of  the  Sides 
OC,  MC,  or  of  the  Lines  PB,  NB  ;  and  in  like  man-  • 
ner  the  Redangle  of  the  Lines  AP,  BP,  or  by  35.3.  the 
Square  EP  or  HO,  is  to  the  Redangle  of  the  Lines  AN, 

NB,  or  to  the  Square  FN  or  ÎM,  in  a  Ratio  compound¬ 
ed  of  the  fame  Ratio’s  ;  it  follows,  that  the  Redangle  of 
the  Lines  GO,  OC,  is  to  the  Redangle  of  the  Lines 
GM,  MC,  as  the  Square  HO,  is  to  the  Square  IM,  and 
35.  that  the  Curve  GiCR  is  the  Circumference 
of  an  Ellipfe.  Which  was  to  be  iemonfl rated. 

SCHOLIUM. 

^  As  all  the  Points  of  the  Ellipfe  GICK  correfpond  with 
I  all  the  Points  of  the  Circle  AEBL,  and  the  Diameters 
AB,  CG  are  cut  proportionally  by  all  the  Planes  per¬ 
pendicular  to  the  Plane  SBC,  *tis  eafy  to  conclude,  by  in- 
îcrîbing  after  Archzmedesh’  Method  a  regular  Polygon  of 
I  an  infinite  number  of  Sides  in  the  Circle  AEBL,  that  the 
\  Circle  is  to  the  Ellipfe,  as  the  Diameter  AB  equal  to 

Jthe  lefs  Axe  TR,  is  to  the  great  Axe  CG,  as  we  have  de- 
monftrated,  in  Tloeor,  16.  and  that  the  Segment  of  the  El- 
I  lipfe  GHQ^,  is  to  the  whole  Ellipfe  GICK,  as  the  Seg- 
j  rnent  of  the  correfpondent  Circle  AER  is  to  the  whole 
Circle  AEBL  ;  and  in  like  manner  that  the  Sedpr  of  the 
Ellipfe  GQhlH  is  to  -the  whole  Ellipfe  GICR,  as  the 
Sedor  of  the  correfponding  Circle  ARNE,  is  to  the 
whole  Circle  AEBL,  ^c, 

THEOREM  XIX. 

The  Space  bounded  by  the  Cycloid  and  the  Circumference  of 
the  generating  Circle^  that  fe ryes  for  the  Bafey  is  triple 
the  fame  generating  Circle. 

I  Say  the  Space  ACB  bounded  by  the  Cycloid  ABC,  p*  ^  ^ 
whofe  Axe  is  BD,  and  by  the  Bafe  AC,  equal  to  the  ^  * 

Circumference  of  the  generating  Circle  BFDL,  whofe 
Diameter  is  the  fame  Axe  BD,  is  triple  the  fame  genera¬ 
ting  Circle  BFDL:  Which  we  fiiall  demonftrate,  by 
making  it  appear  that  the  Space  BFDCH  is  equal  to  the 
generating  Circle.  To  that  end  we  muft  firfi:  demonftrate, 
that  as  the  Bafe  AC  is  equal  to  the  Circumference  BFDL, 

©r  half  the  Bafe  AD  is  equal  to  the  correfponding  SemL 

circum- 


4 
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*  flats  Xyl,  clïcxmîtxexiCG  BLD,  To  alfo  any  right  Line  ML  parallel 
fig,  132.  to  the  Semi-bafe  AD  is  equal  to  the  correfponding  Arc  r 
BL«j 

DEMONSTRATION, 

Give  the  difpofition  MNO  to  the  generating  Circle, 
by  placing  it  in  N,  that  the  Diameter  NO  be  parallel  to 
the  Diameter  BD,  or  perpendicular  to  the  Bafe  AC,  you 
know  by  the  Generation  of  the  Cycloid  ;  that  the  Part 
AN  is  equal  to  the  correfponding  Arc  MN  or  DL,  and 
confequently  the  Part  ND,  orPQ.,  or  ML,  is  equal  to  the 
Arc  OM,  or  BL.  Which  was  firfi  to  be  demonflrated. 

Imagine  the  Semi-circle  BFD  divided  into  an  infinite 
number  of  equal  Parts  at  the  Points  E,  F,  G,  fo  that  the 
Arcs  BE,  BF,  BG,  be  in  an  Arithmetic  Progrefifion, 
and  thro*  the  Points  E,  F,  G,  draw  to  the  Bafe 
AC,  as  many  Parallels,  as  EH,  FI,  GK,  CS’c,  that  being 
equal  to  their  correfponding  Arcs,  will  alfo  be  in  an  Arith¬ 
metic  Progreffion.  And  by  Theor,  10.  you  know  their 
Sum  or  the  Space  BFDCH  is  equal  to  half  the  ProduÆ 
of  the  greateft  CD,  equal  to  the  Semi-circle  BFD,  and 
the  Diameter  BD,  that  may  pafs  for  their  Number,  for 
thcf  they  don’t  divide  it  into  equal  Parts,  yet  that  inequa¬ 
lity  is  made  up  by  the  uniformity  found  on  both  Sides  of 
the  Center  Q^of  the  generating  Circle.  But  as  the  Pro- 
dud  of  the  Radius  DCL  by  the  Semi-circle  CD  is  the 
Area  of  the  Circle,  by  Theor,  1 3 .  and  the  fame  Produd 
is  half  the  Produd  of  the  Diameter  BD,  by  the  Semi* 
Circle  CD,  it  follows,  that  the  Space  BFDCH  is  equal 
to  the  Area  of  the  generating  Circle  BFDL.  Which  tvof 

to  hs  demor^ated, 

‘  / 

SCHOLIUM. 

I  (ball  demonfirate  by  the  way,  what  I  have  advanced 
without  proof  in  my  MatkeffiaticalViblionar)i^na.me\yy  that 
two  correfponding  Tangents  of  the  Cycloid  and  genera^ 
ting  Circle,  placed  in  the  middle  of  the  Space  bounded  1 
by  the  Cycloid,  as  HR,  ER,  interfed  in  the  Point  R,  i 
that  belongs  to  the  Line  of  evolution  of  the  Semi-circîé 
BFD,  that  is  to  fay  ^0  the  Curve  BRC,  delcribed  by  the 
continual  Motion  of  the  extremity  of  a  Thred  ftretched 
and  faften’d  to  the  Point  D  by  the  other  extremity,  af¬ 
ter  it  has  been  apply’d  to  the  Semi-Circlq  BFD,  and  then 
the  Part  of  the  String,  when  ftretched,  as  ER,  will 
touch  the  Curve  BFD  at  the  Point  andEjand  will  be  equal 

to  the  correfponding  Arc  EB, confequently  to  the  correfpon- 

.  ^  r  i  ^  '  ding 
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i  ding  Line  EH.  We  muft  demonftrate  therefore  that  XVI. 

■  the  Tangent  ER  is  equal  to  the  correfpondent  Line  P2>,  102 

I  EH.  ^  ’ 

To  that  end,  imagine  the  right  Line  VX  parallel,  and 
i  infinitely  near  the  Line  EH,  in  which  cafe  the  Arcs 
i  EV,  HX,  may  pafs  for  right  Lines,  and  for  Parts  of 
i  the  Tangents  ÈR,  HR,  and  the  difference  of  the  Paral- 
I  lels  EH,  VX,  or  of  the  Arcs  BE,  BV  will  be  equal  to 
i  the  Line  EV,  and  laftlyinthe  fimilar  Triangles  REH, 

I  RVX,  you  will  have  by  4,  6.  this  Proportion,  RV,  is 
J  tq  RE  :  :  VX  :  EH,  and  dividing,  you  will  have  EV, 

I  RË  ;  ;  EV,  EH,  which  fhews  yOu  that  the  Tangent  RE 
i  is  equal  to  the  Line  EH,  and  confequently  the  Point  R, 
j  belongs  to  the  Line  of  Evolution  BRC.  Which  was  to  bs 

6  demonfiraud. 

Whence  "tis  eafy  to  conclude,  that  the  Tangent  HR  of 
i  the  Cycloid  is  parallel  to  the  correfponding  BE  that  dL 
i  vides  the  Angle  SER  into  two  equal  Parts,  CS’e.  ^  ‘ 

THEOREM  XX.  ' 

I 

i  The  Convex  Surface  of  a  right  Cylinder,  is  equal  to  a  "ReB- 
angle  under  its  height,  and  îhe^Cirçu^erehee  of  its 
Safe, 

I  T  Convex  Surface  of  the  right  Cylinder  ABCD 

is  equal  to  a  Rectangle,  that  has  for  itsBafethe  Cir- Fig,  130» 
r  cumference  of  the  Bafe  AEBF,  and  for  its  Height  the 
1  Height  AD,  or  BC  of  the  Cylinder. 

DEMONSTRATION. 

If  thro'  all  the  Points  of  the  Circumference  AEDF, 

^  you  imagine  as  many  Lines  parallel  and  equal  to  the 
Height  AD  or  BC,  you  will  fee  the  Surface  of  the  Gy- 
i  Under  ABCD  is  compofed  of  an  infinite  Number  of  lit- 
I  tie  equal  Rectangles,  whofe  common  Height  is  the  fame 
A  with  that  of  the  Cylinder  :  And  as  the  Sum  of  all  the 
£  infinite  Rectangles,  or  the  Surface  of  the  right  Cylinder 
^  ABCD,  is  by  I.  2.  equal  to  the  Rectangle  under  the 
I  common  Height  AD,  or  BC  of  the  Cylinder,  and  the 
It  Sum  of  the  Bafes  of  the  fame  Retangles,  it  follows,  that  > 

1.  the  fame  Surface  is  equal  to  the  Rectangle,  under  the 
“  Height  AD,  or  BC  of  the  Cylinder  and  the  Circumfe» 
i*  rence  AEBF  of  the  Circle  that  ferves  for  the  Bafe  of  the 
-  Circle.  Which  wevs  to.  be  demonfi  rated,  /  ^ 

S  C  H 
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scholium, 

Th«  Truth  of  this  Theorem  will  he  further  evident, 
by  imagining  the  Surface  of  the  Cylinder  ABCD  to  roll 
upon  a  Plane  ;  for  you  may  eafily  fee  that  by  an  intirc 
Revolution,  the  Surface  of  the  Cylinder  fo  extended,  as  it 
tvcre,  will  take  up  on  the  Plane,  a  Rectangle  that  has 
for  its  Length  the  Circumference  AEBF,  now  extended 
in  the  form  of  a  right  Line,  and  for  its  Breadth  the 
Height  AD,  pr\BC  of  the  Cylinder. 

*  ■•'>7'  I 

,  THEOREM  XXI. 

The  Convex  Surface  of  a  right  Cylinder  is  to  a  ^eflangJe  a«- 
der  its  Height  and  the  Diameter  of  the  diafe,  314 
ta  ICO,  ^uam  pr oxime. 

• 

Plate  Xvl  T  Surface  of  the  right  Cylinder  ABCD,  is  to 

i''  *  i  the  Rectangle  under  its  Height  AD  or  BG,  and  the 

:>c.  AEBF,  as  3 14  to  100,  nearly. 

DEMONSTRATION. 

Becaufe  the  Convex  Surface  of  the  ,  right  Cylinder 
ABCD  is  equal  to  the  Reétangle  under  the-Height  AD* 
or  BE  and  the  Circumference  of  the  Bafe  AEBF,  ^ 
Theor,  20.  this  Re<îtangle,  or  the  Surface  of  the  Cylinder 
ABCD  will  be  to  the  Reétangle  under  the  fame  Height 
AD,  or  BC,  and  Diameter  AB  of  its  Bafe,  as  the  Cir¬ 
cumference  AEBF,  is  to  the  Diameter  AB,  by  1.  6, 
Wherefore  if  inftead  of  the  Circumference  AEBF,  and  its 
Diameter  AB,  you  put  354,  arjd  loc,  that  are  ip  the 
fame  Ratio,  by  Theor.  14.  you  will  find  the  Surface  of  the 
Cylinder  ÀBCD  is  to  the  Re«d:angle  under  the  Height 
AD,  or  BC,  and  the  Diameter  AB  of  its  Bafe,  as  3*14 
is  to  100.  Which  rou/S  to  be  demonflrated, 

I 

THEOREM  XXII.  i 

The  Convex  Surface  of  a  right  Cone  is  equal  ta  half  the 
Retlangle  under  the  Side  of  the  Cone^  and  the  Circumfe- 
(  rence  oj  its  Pafe. 

T  Say  the  Convex  Surface  of  the  right  Cone  ABC  is 
equal  to  half  the  ReRangle  under  the  Side  AC  or 
Be,  arid  the  Circiimfercnce  of  its  BaTe  AEBF. 


D  E. 
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If  thro’  all  the  Points  of  the  Circumference  AEBF, 
you  draw  Lines  , to  the  Point  C,  thefe  right  Lines  will  joi. 
form  an  infinite  number  of  little  equal  Ifofceles  Triangles, 
and  of  the  fame  Height  with  the  fide  of  the  Cone,  and 
becaufe  each  of  thefe  yqual  T riangles  is  equal  to  half  the 
Rectangle  of  the  fame  Safe  and  Height,  i,  it  fol¬ 

lows,  that  their  Sum,  or  the  Surface  of  the  Cone  is  equal 
to  half  the  Sum  of  all  the  Re^fanglesy  that  is-^to  fay,  to 
the  fingle  Rectangle  under  the  fide  of  the  Cone  AC,  or 
BC,  and  the  Circumference  of  the  Bafe  AEBF.  Which, 
vjas  to  be  Demonfirated, 

Or,  imagine  the  fide  AC  or  BC,  of  the  Cone  to  be  di¬ 
vided  into  an  infinite  nnmber  of  equal  Parts,  and  deferibe 
on  the  Point  C,  as  a  Pole,  as  many  Circles  through  the 
points  of  Divifion,  and  they  will  be  in  an  Arithmetic 
'Progreffion  ;  And  becaufe  the  Sum  :  of  all  the  Circles  or 
Quantities  in  Arithmetic  Progreffion,  that  fill  the  Surface  ^ 

of  the  Cone,  is  equal  to  half  the  Produft  of  the  greateft, 
which  is  the  Circumference  of  the  Bafe  AEBF,  and  their/ 

Number,  which  is  the  fide  AC,  or  BC,  by  Theor,  lo. 

.It  follows,  that  tfoe  Surface  of  the.  Cone.  ABC,  is  equal 
tp  half  the  Rectangle  under  the  fide  AC,  or  BC,  and  the 
Circumference  of  the  Bafe  AEBF.  Which  was  to  be  jDe~ 
monflrated. 


THEOREM  XXIÏI. 

The  Convex  Surface  of  a  right  Cone  is  to  a  jR£  hi  angle  under 
its  Side  and  Diameter  of  its  Bafe,  as  .,157  to  lioo 
ne.arly.  '  '  , 

I  Say  the  Convex  Surface,  of  the  right  Cone  ABC  is  to 
the  Rectangle  ünder  its  Side  AC  or  BÇ,  and  the  Di¬ 
ameter  AB  of  its  Bafe  AEBF,  as  1^7  to  aoo. 

DEM  Q  N  S  T  R  A  T  I  O  N. 

« 

Becaufe  the  Surface  of  the  Cone  ABC,  is  by  Theor.  22. 
equal  to  half  the  Re<d:angle  under  the  Side  AÇ  or  BC^ 
and  Circumference  AEBF  of  the  Bale,  or  equal  to  the 
Rectangle  under  the  Side  AC  or  BC,  and  Semi-circle 
•AEB;  this  Reélangle,  or  the  Surface  of  the  Cone  ABC, 
will  be  to  the  Redangle  under  the  fame  Side  AC,  or  BC, 
and  the  Diameter  AB  of  the  BafOjas  the  Semi*  circle  AEB, 

K,  to 


1 


î^d  Trentîfâ  ^GeomeI'ry* 

to  the  Diameter  AB,  that  is  to  fay;,  hy  Theor,  14.  as  1*57 
to  100.  Ifhhh  voas  to  be  Demonfirated, 

t  H  E  O  R  E  M  XXIV. 

The  Convex  Surface  of  the  Frnjhiim  bf  à  'rî^bt  ûotie  is  e^ml  to  » 
half  the  ^ebtàngle  tinder  its  Side,  and  the  Sum  of  the  €ir^  • 
euttferences  of  the  t^o  oppofite  and  parallel  *Bafes. 

vidtexVU  t  CoîiVeâc  Surface  èif  tliè  Fruftüm  of  a  Côné 

Fid  TOO  ABCD^  is  equal  to  half  the  Re^angle  undet  its» 
^  3o*  §f(ie  AD  or  DO,  ând  the  Sum -of  the  Circumferences 

of  the  two  oppofite  and  parallel  Safes  AEBF,  CODG. 

DEMONSTRATION. 

Trhà-pïfè^àch  oFthe  tivo  CîrctiiTtîfèrencès  AEBF,C0DG  r 
divided  into  the  faîne  Number  of  infinitely  fmall  Tarts,, 
and  thro’  the  dppôfitè  Points  of  the  Divifions  as  ft^ny'' 
right  Tiries  draVm,  that  wiH  be  equal  to  one  another,  and  i 
to  the  Side  AD  dr  ;BC,  and  yOu  tvill  find  the  Surface  dff 
the  Fniftum  of  the  Cone  ABCD,  is  compos’d  of  an  infi-* 
.  nite  Number  of  little  equal  Trapezoids,  of  the  fame* 

Height  with  the  Side  AD  Or  BC  of  the  Fruitum  :  And  ' 
becaufe  eath  of  thefe  equal  Trapezoids,  is  equal  to  half  thfe  * 
Redtangle  under  the  fame  Height,  or  under  the  fame  fide  ‘ 
AD  or  BC,  and  the  Sum  of  the  two  oppofite  and  paraîîei  ! 
Sides,  by  Theor.  4.  it  follows  that  their  Sum  or  the  Sur-  ■ 
face  of  the  Fruftum  of  the  Cone  is  equal  to  half  the  Sum  1 
©f  all  the  Reélangles,  that  is  to  fay,  to  the  fingle  Reâ:angle  * 
under  the  Side  AD  dr  BC  of  the  Fruftum  of  the  Cone,  , 
and  the  Sum  of  the  two  Oppofite  Circumferences  AEBF, 
CODG.  Which  was  to  be  Demonflrated, 

TITEOREM  XXV. 

The  Convex  Sürfàcfe  of  the  Fruflru^  of  a  right  Cone  is  to  the 
'Reltangle  under  its  Side,  and  the  Sum  of  the  Diameters  1 
of  its  two  oppofite  Bafés,  as  to  ÏOO  nearJjr.  1 

ISay  the  Convex  Surface  of  the  Fruftrum  of  a  right 
Cone  ABCD,  is  to  the  Rectangle  under  its  Side  AD 
Or  BC,  and  the  Sum  of  the  Diameters  AB,  CD,  of  the 
the  two  oppofite  Bafes  AEBF;^  CODG,  as  i'^7  to  100. 


DEMON- 


I  ■ 


I 


\ 


i 


# 


9 


\ 


J  / 


\ 


6 


\ 


/ 


••  I  " 


I  ■ 


» 


f 


vu 


G-nomo nicks  or  Dialtmff  Tlatc  17  Tafj , 


Part  III.  0/ Planimetry. 


131 


demonstration.  _ 

Becaufe  the  Surface  of  the  Fruftum  of  a  right  Cone 
ABCDj  is  equal  to  half  the  Redangle  under  the  Side  AD,  piateXi/II 
or  BC^  and  the  Sum  of  the  two  Circumferences  AEBF, 

CODG,  or  equal  to  the  Redangle  under  the  fide  AD  or 
or  BC,and  half  the  Sum  of  the  two  Circumferences  AEBF, 

CODG,  by  Theor,  24.  This  Redangle,  or  the  Surface 
of  the  Fruftum  of  a  right  Cone  ABCD  will  be  to  the 
Redangle  under  the  fame  Side  AD  or  BC,  and  the  Sum 
of  the  two  Diameters  AB,  CD,  as  the  Sum  of  the  two 
Semi-circles  AEB,  COD,  to  the  Sum  of  the  two  Dia¬ 
meters  AB,  CD,  that  k  to  fay,  by  Thor,  14.  as  157  to 
joo.  Which  ims  to  be  Demonflrated., 

THEOREM  XXVI. 

If  a  Circle  be  defcribed  touching  the  trvo  equal  Sides  of  an 
Jfofceles  Triangle^  and  dividing  them  into  two  equal  Parts 
at  the  Points  of  Contact,  the  Surface  of  a  right  Cone,  that 
has  far  its  Side  one  of  the  two  equal  Sides  of  the  Triangle, 
and  far  its  Bafe  a  Circle  whofe  Diameter  is  equal  to  the 
Bafe  oj  the  fame  Triangle,  is  equal  to  the  pebtangle  under 
the  Height  of  the  Triangle,  and  the  Circumference  of  the 
Circle  that  touches  the  two  Sides, 

■t  Say  that,  if  you  bifed  at  the  Points  E,  F,  each  of  the  v:^ 

*  equal  Sides  AB,  BC,  of  the  Ifoceles  Triangle  ABC,  ’  ^ 

whofe  Height  BD  bifeds  the  Bafe  AC  in  the  Point  D, 
and  draw  EG,  thro’  the  Point  E,  perpendicular  to  the 
Side  AB,  and  interleding  the  Height  BD  produced,  in 
the  Point  G,  on  Tvhich  as  a  Center  defcribe  the  Circle 
EFH,  touching  the  two  Sides  AB,  BC,  at  the  two  Points 
>EF,  the  Surface  of  a  right  Cone  having  the  Line  AB  or 
BC  for  its  Side,  and  AC  for  the  Diameter  of  its  Bafe, 
is  equal  to  the  Redangle  under  the  Height  BD,  and  Cir¬ 
cumference  EFH. 

P  R  E  P  A  R  A  T  I  O  N. 

Draw  thro’  the  Point  A,  to  the  Line  EG,  the  paraîlel 
AT,  interfeding  the  Height  BD  produced  in  the  point  1, 
which  will  be  double  the  Radius  GE  of  the  Circfe  EFH, 
and  confequently  equal  to  its  Diamster  HK,  becaufe  AB 
is  double  BE^  &  the  two  Triangles  ABI,  EEG,  are 
Similar,  ^c, 
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.DEMONSTRATION. 

Bccaufe  by'%6.  the  two  Re(5langled  Triangles  ABDjADl^ 
that  compofe  the  Reitangled  Triangle  ABI,  are  Similar, 
and  hy  4. 6.  the  Ratio  oFthe  two  Lines  AB,BD,  is  equal  to 
that  oF  the  Line  AI  or  K  H,to  the  LineADjifinftead  of  the 
two  lafl:  RH,  AD,  conljder  d  as  Diameters,  you  fubftitute 
their  Circumferenees  that  are  in  the  fame  Ratio,  you  will 
find  the  Ratio  of  the  two  Lines  AB,  BD,  is  equal  to  the 
Ratio  of  the  Circumference  EFH,  to  the  Circumference 
to  the  Diameter  ADvhalfthe  Circumference  to  double  the 
Diameter  AC,  and  hy  16.  6.  the  Rectangle  under  AB,  and 
the  Circumference  to  the  Diameter  AD,  that  is  to  fay  by 
Tbeor.  22.  the  Circumference  of  the  right  Cone  ABC  is  er 
equal  to  the  Rectangle  under  BD,  and  the  Circumference 
EFH.  Which  was  to  be  Demonflratei. 

.  .THEOREM  XXVIL 

if  a  Circle  be  defer ibed  touching  the  two  equal  Sides,  and 
the  lefs  of  the  two  other  parallel  Sides  of  an  Jfofceles  Tra¬ 
pezoid,  and  hifetling  each  of  the  three  Sides  in  the  Points 
of  Contabi,  the  Surface  of  .the  Frufium  of  a  right  Cone 
having  for  its  Side  one  of  the  two  equal  Sides  of  the  Tra¬ 
pezoid,  and  for  its  Bafe  a  Circle  whofe  Diameter  is  equal 
to  the  greater  of  the  two  parallel  Sides,  is  equal  to  the 
ReB: angle  under  the  Perpendicular  drawn  between  the  two 
parallel  Sides,  and  the  Circumference  of  the  Circle  touch¬ 
ing  the  three  Sides.  ' 

*  * 

ÎSay  if  you  blieif  at  the  Points  E,  F,,G,  each,  of  the 
two  parallel  Sides  AB,  CD,  and  the  lefier  BC  of 
the  t^vo  p'a talk  1' Sides  AD,  EC,  of  the  IFofceles  Trapezoid 
ABCD,  and  deferibe  thro’  the  Points!^  F,  G.,  the  Cir¬ 
cle  EGFK,  touching  the  fame  Points  E,  F?  G,  the  three 
Sides  AB,  BC,  CD,  and  having  its  Center  in  the  Line  ; 
GH,  and  dividing  at  right  Angles,  and  into  two  equal  1 
Parts  the  two  parallel  Sides  AD,  BC,  the  Surface  of  the  1 
Fruftum  of  a  right  Cone^  having  the  Line  AB,  or 
CD  tor  a  Side,  and  AD  for  the  Diameter  of  its  Bafe,  is 
equal  to  the  Reftangle  linder  the  Height  GH,  -and  Cir- 
cumkrence  EGFK. 

PREPARATION.  < 

Draw  thro’  the  Point  E,  the  Diameter  EIC  which  will 

be 
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be  Perpendicular  to  the  Side  AB,  by  18.3.  and  thro’  the 
two  Points  E,  F5  the  right  Line  EF,  that  being  parallel  VlauXVU. 
to  the  two  Sides  AD,  BC,  will  cut  at  right  Angles  and  835. 
into  two  equal  Parts  at  the  point  O,  the  right  Line  GH,, 
draw  alfo  from  the  point  A,  to  the  Side  BC  produced, 
the  Perpendicular  AL,  that  will  be  equal  to  the  Line 
GH,  and  will  make  the  Refl:angled  Triangle  ALB,  Simi¬ 
lar  to  the  right-angled  Triangle  EOI,  as  will  be  evident 
to  one  that  confiders,  that  the  Angle  L  being  right,  tjie 
two  other  LAB,  LBA,  taken  together  are  equal  to  a 
Right  one,  ^32.  1.  and  confequendy  to  the  two  LAJB, 

BAH,  or  EIO,  or  LBA,  Whence  it  follows  that 
the  right-angled  Triangle  ALB  is  alfo  hmilar  to  the  Tri' 
angle  EFK,  right-angled  in  F,  by^\,  3. 

DEMONSTRATION. 

Becaufe  the  Line  EF,  bife(51:s  the  two  Sides  ABCD  ^ 
and  fo  is  an  Arithmetic  mean  Proportional  between  the 
two  Sides  AD,  BC,  to  which  it  is  pa  allel,  it  will  be 
equal  to  half  their  Sum,  by  Prop.  3.  Chay,  4.  X.  i.  Trigon, 
Wherefore  confidering  thofe  three  Lines  Arithmetically 
proportional  BC,  EF,  AD,  as  Circumferences  of  Circles, 
the  Circumference  of  the  mean  EF  will  be  equal  to  half 
the  Sum  of  the  Circumferences  oP  the  two  extreams  AD, 

BC. 

In  the  Fmilar  Triangles  ALB,  EFK,  by  4.  6.  the  Line 
AB  is  to  the  Line  AL  or  GH  its  equal,  as  the  Diameter 
EK,  to  the  Diameter  EF  ;  Wherefore  infiead  of  the 
two  Diameters  EF,  EK,  fubftituting  their  Circum¬ 
ferences  that  are  in  the  fame  Ratio,  you  will  find  the 
Line  AB  is  to  the  Line  GH,  as  the  Circujtiference  EGKF 
is  to  the  Circumference  EF,  or  to  half  the  two  AD,  BC, 
and  by  16.  6.  the  ReAangle  under  the  Side  AB,  and  half 
the  Sum  of  the  two  Circumferences  AD,  BC,  is  equal  to 
the  Rectangle  under  the  Height  GH,  and  the  Circum»» 
ference  EGFK,  that  is  to  fay  by  Theor.  24.  to  the  Sur¬ 
face  of  the  Fruftrum  of  the  right  Cone  ABCD,  IVhkk 
to  be  Demonfirc^te^^ 
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THEOREM  XXVIir. 

Jf  a  regular  Tolygon  of  an  even  l^umber  cf  Sides  he  ctr- 
cumfcrih' d.  about  a  Circle^  and  the  Circle  with  its  Polygon 
be  made  to  revolve  about  a  Bidmeter  paffmg  thro'  the 
two  (fpofite  Angles,  the  Circle  roill  form  by  that  intire 
Circumvolution  a  Sphere^  and  the  Polygon  a  Body  lound-^ 
ed  by  feveral  convex  Surfaces,  whofe  Sum  is  equal  to  the 
PeâangJe  under  the  Circumference  cf  the  Circle,  and  the 
right  Line  or  Axe  drawn  thro'  the  two  oppofite  Angles  of 
the  Polygon, 

Plate XVIL  T  circumrcribe  abôut  à  Circle',  whofe  Center 

Big*  1^5,  ^  is  L,  and  Diameter  OP,  a  regular  Polygon  of  an  e- 
ven  number  of  Sides,  for  inftance,  the  Decagon  ABCD 
.  EFGHÎK,  and  make  this  Polygon  revolve  upon  the 
Line  AF,  as  an  Axe,  it  will  form  by  this  entire  Circum¬ 
volution  a  Body,  whole  Convex  Surfaces,  that  bound  it, 
namely  thofe  of  the  two  right  Cones  EFG,  BAK,  of  the 
two  Fruftrums  of  right  Cones  DÊGH,  BCIK,  and  of 
the  Cylinder  CDHI,  are  together  eq^Lial  to  the  Reftangle 
under  the  Axe  AF,  and  the  Circumference  of  the  gene¬ 
rating  Circle,  whofe  Diameter  is  OP. 

DEMONSTRATION. 

Becaufe  by  Theor,  26,  the  Surface  of  the  right  Cone 
EFG,  is  equal  to  the  Re^ftangle  under  the  Circumference 
to  the  Diameter  OP,  and  the  Part  of  the  Axe  FM,  and 
in  like  manner  the  Surface  of  the  right  Cone  BAK  equal 
to  the  Redangle  under  the  Circumference  to  the  Diame¬ 
ter  OP5  and  correfponding  Part  of  the  Axe  AN  :  and  by 
'Theor,  27.  the  Surface  of  the  Fruftum  of  the  right  Cone 
DEGH*,  is  equal  to  the  Redangle  under  the  Circ\imfe- 
rence  to  the  fame  Diameter  OP,  and  correfponding  part 
of  the  Axe  MQ,  and  in  like  manner  the  Surface  of  the 
Fruftum  of  a  right  Cone  BCIK,  equal  to  the  Redangle 
under  the  Circumference  to  the  Diameter  OP,  and  part 
of  the  Axe  RN  :  and  laftly  by  Theor,  20.  the  Surface  of 
the  Cylinder  CDHI,  is  equal  to  the  Rediangle  under  the 
Circumference  to  the  Diameter  of  its  Bafe  Ct,  equal  to 
the  Diameter  OP,  and  its  Height  CD,  or  correfponding 
part  of  the  Axe  QR  ;  ’tis  eafe  to  conclude  by  i.  2.  that 
all  the  Surfaces  together  are  equal  to  the  Redangle  under 
the  Circumference  to  the  Diameter  OP,  and  the  whole 
Axe  AF.  IBhich  was  to  be  Depionflrated, 
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THEOREM  XXIX. 

The  Surface  of  a  Sphere  is  eqml  to  the  Re^ angle  under  its 
Tiofneiery  and  the  Circumference  of  the  Cirqle  to  that 
Diameter, 

0 

I  Say  the  Surface  of  the  Sphere  Al^CD,  whofe  Piarneter  putpyvrr 
AC,  is  equal  to  the  Reftangle  under  the  Diameter  pw  « 
AC,  and  Circumierence  ABCD  of  the  Circle  to  that 
Diameter,  which  isi  the  fame  with  that  of  a  great  Circle 
of  the  Sphere^ 

DEMONSTRATION. 

Becaulb  a  Circle  may  be  confider’d  as  a  Regular  Poly¬ 
gon  of  an  Infinite  Number  of  fides,  and  a  Sphere  is  gene¬ 
rated  by  the  entire  Revolution  of  the  Circle  or  Polygon 
ABCD,  on  its  Diameter  AC,  as  an  Axe,  all  the  Con-* 
vex  Surfaces  produc’d  by  that  Revolution  being  the  fame 
with  that  of  the  Sphere,  will  be  equal  by  Theor,  28.  to 
the  ReAangle  under  the  Axe  AC,  and  Circumference  of 
the  generating  Circle  ABCD.  Which  was  to  he  Demons 
flrated, 

COROLLARY  I. 

From  this  Theorem  it  follows,  that  the  Surface  of  a 
Sphere  is  quadruple  to  that  of  its  great  Circle,  becaufe  the 
Reftangle  under  its  Diameter  and  Circumference, to  which 
the  Surface  of  the  Sphere  is  equal,  is  quadruple  the  Circle 
to  that  Diameter,  fince  by  '^eor  1 8.  this  Circle  is  equal 
to  half  the  Rectangle  under  its  Circumference  aud  jpia® 
meter. 

COROLLARY  IT 

It  follows  airp,,  that  the  Surface  of  the  Sphere  ABCD,  is 
equal  to  that  of  a  Circumfcribed  Cylinder  EFGH,  whofe 
Height  EH,  or  FG,  is  equal  to  the  Diamemt  AC  Qf  thf 
Sphere,and  the  Bafe  ÇIFK,  has  for  a  Diameter  the  Line 
EF  equal  to  the  fame  Diameter  AC  :  Becaufe  by  Theor,;, 

20.  the  Surface  of  this  Cylinder  is  as  theP  Surface  of  the 
Sphere,  equal  to  the  Reârangle  under  its  Height  EH,  op 
AC,  and  theCireumfèrence  of  the  Circle  EIFK,  whofe 
Diameter  ÇF  is  equal  tp  the  fame  Diameter  AC  of  th?  ' 
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COROLLARY  III. 

Hence  it  follows  alfo  further,  that  the  Surface  of  the 
Sphere  ABCDis  to  the  Square  EFGH,  of  its  Diameter 
AC,  as  314  to  lOO  nearly,  becaufe  by  Theor,  21.  the  Sur¬ 
face  of  the  Circumfcribed  Cylinder  EïFGH,  is  to  the 
fame  Square  EFGH,  winch  is  the  Recîlangle  under  the 
Height  EH,  and  Diameter  EF  of  its  Bafe  EIFR,  in 
the  fame  Ratio  of  3 14  to  100. 

S- 

COROLLARY  IV. 

It  follows  ftill,  that  if  you  cut  the  Sphere  ABCD,  and 
Circumfcrib’d  Cylinder  EIFGH  hy  a  Plane  perpendicular 
to  the  Axe  AC,  as  the  Plane  LMNO,  the  Surface  of  the 
part  of  the  Cylinder  HLMNG  is  equal  to  that  of  the 
correfponding  Portion  of  the  Sphere  PQC,  and  in  like 
manner  the  Part  of  the  Cylinder  LEîFNO  is  equal  to 
the  correfponding  Portion  of  the  Sphere  PAQ. 

C  O  R  O  L  L  A  R  Y  V. 

From  hence  it  follows,  that  the  Surface  of  a  Segment 
of  a  Sphere,  as  PCQ,  is  equal  the  Rectangle  under  its 
Height  CR,  and  the  Circumference  ABCD  of  a  great 
Circle  of  the  fame  Sphere,  becaufe  the  Surface  of  the 
Cylinder  HLMNG,  to  which  "tis  equal,  by  Carol,  4. 
is  equal  to  a  fimilar  Reélangle  by  Theor,  20,  and  confe- 
quently  the  Surface  of  the  fame  Segment  of  the  Sphere  PQ, 
is  to  the  Rectangle  HLNG,  under  the  Height  CR,  and 
Diameter  LN  of  the  Sphere,  as  314  to  100  nearly,  be-, 
caufe  the  Surface  of  the  Cylinder  HLMNG,  to  which  ’tis 
equal  by  CoroU,  4.  is  to  the  fame  Rectangle  HLNG,  in 
the  fame  Ratio  of  314  to  ico.  by  Theor,  21. 

THEOREM  XXX. 

The  Surface  of  the  Segment  of  a  Sphere  is  equal  to  a  Circle., 

rdhofe  Radius  is  equal  to  the  Chord  of  half  the  Arc  of  the 

Segment, 

■  & 

I  Say  the  Surface  of  the  Segment  of  the  Sphere  PCQ^, 
is  'equal  to  a  Circle,  whofe  Radius  is  equal  to  the 
Chord  CP  or  CQ_of  half  the  Arc  PC^  :  And  in  like 
manner  the  Surface  of  the  Segment  of  a  Sphere  ADPQB, 
is  equal  to  a  Circle,  whofe  Radius  is  equal  to  the  Chord 
AP  or  AQ^of  half  the  Arc  PAQ. 
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DEMONSTRATION. 

1 

Bccaufe  the  Angle  APC  is  right  by  3 1,  3.  and  the  Line  PUteXVIL 
PR,  perpendicular  to  the  Hypotenufe  AC  of  the  right- 137* 
angled  Triangle  APC,  you  will  find  by  8.  6.  each  of  the 
two  right-angled  T riangles  ARP,  CRP,  is  equiangular 
to  the  great  one  APC,  and  by  4.  6,  that  the  Line  CP  is 
a  mean  Proportional  between  the  two  AC,  CR,  and  in 
like  manner  the  Line  AP  a  mean  Proportional  between 
AC,  AR  ;  wherefore  by  17.  6.  the  Square  CP  w'ill  be  e- 
qual  to  the  Reétangle  of  the  Lines  AC,  CR,  and  in  like 
manner  the  Square  AP  will  be  equal  to  the  Redangle  of 
the  Lines  AC,  AR  :  And  fince  thefe  two  Redangles  have 
the  fame  Height  AC,  they  will  be  to  one  another  as  their 
Bafes  CR,  AR,  by  i,  6,  Thus  the  Scgiare  CP  will  be 
to  the  Square  AP,  as  CR  to  AR,  or  as  LH  to  LE,  and 
if  to  thele  two  la  ft  Lines  LH,  LE,  confider’d  as  Heights, 
you  allow  the  Circumference  ABCD  of  a  great  Circle  of  a 
Sphere  for  a  common  Bafe  ;  you  will  find  by  1»  6.  the 
Square  CP  is  to  the  Square  AP  as  the  Redangle  under 
LH,  and  Circumference  ABCD  is  to  the  Redangle  un¬ 
der  LE, and  the  fame  Circumference  A  BCD, that  is  to  fay 
by  Corol,  «5.  Theor.  29.  as  the  Surface  of  the  Segment  of 
the  Sphere  PCQ>  is  to  the  Surface  of  the  Segment  of  the 
I  Sphere  ADPQB. 

!  Since  therefore  the  Square  CP  is  to  the  Square  AP  as 
'  the  Surface  of  the  Segment  PCQ,  is  to  the  Surface  of  the 
Segment ADPQB,you  will  find  by  Cofvpoundm<^,theSquaTQ 

!AC  is  to  the  Square  AP,  as  the  Surface  of  the  Sphere 
ABCD,  to  the  Surface  of  the  Segment  ADPQB  :  And 
inftead  of  the  Squares  of  the  Lines  AC,  AP,  confider’d  as 
Radij  of  a  Circle,  you  fubftitute  the  Areas  of  the  Circles 
that  are  in  the  fame  Ratio,  by  2.  12.  you  will  find  the 
!  Circle  to  the  Radius  AC  is  to  the  Circle  to  the  Radius 
P  AP,  as  the  Surface  of  the  Sphere  ABCD,  to  the  Surface  * 

<  of  the  Segment  ADPQB  *,  and  becaufe  the  two  Antece- 
I  dents  are  equal,  namely,  the  Circle  of  the  Radius  AC, 

:i  and  the  Surface  of  the  Sphere  ABCD,  becaufe  by  2.  I2. 

[;  the  Circle  to  the  Radius  AC,  is  quadruple  a  great  Circle 
(  of  a  Sphere,  whofe  Radius  is  but  half  the  Radius  AC, 
ii  and  tbe  Surface  of  the  Sphere  ABCD  is  alfo  quadruple 
the  Area  of  its  great  Circle,  by  CoroL  i.  Theor,  29.  It 
follows,  that  the  two  Confequents  are  alfo  equal,  namely, 
the  Circle  to  the  Radius  AP,  and  Surface  of  the  Segment 
ADPQB,  and  confequently  the  Circle  to  the  Radius  CP 
is  alfo  equal  to  the  Surface  of  the  S^^i'nentsPQC,WTkh  was 
I  ta  be  Pemonfirated, 
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THEOREM.  XXXI. 

The  Surface  of  a  Zone  is  equal  to  that  of  a  O^Un^-r  of  the 
fame  Meight^  and  having  for  its  Bafe  a  great  Cinch  of  a 
Sphere, 

1  Say  if  you  cut  the  Sphere  ABCD,  and  circumfcribed 
mtXVILA  Cylinder  EIFGH,  by  the  two  Planes  LM NO, SZTY, 
fng,  137*  perpendicular  to  the  Axe  AC,  the  Surface  of  the  Zon^ 
VPQX,  is  equal  to  that  of  the  Cylinder  LSZTNQ, 
whofe  Height  LS  is  equal  to  the  Height  RK  of  the  Zone, 
ai;id  Bafe  SZTY  is  equal  to  a  great  Circle  of  a  Sphere. 

DEMONSTRATION. 

Becaufe  the  Surface  of  the  Segment  of  a  Sphere  CPQ,  is 
equal  to  that  of  the  CylinderHLMNG,by  Cor,  4,  The,2^, 
and  in  like  manner  the  Surface  of  the  Segment  VPCQX, 
is  equal  to  that  of  the  correfponding  Cylinder  HSZTG, 
the  difference  of  the  Surfaces  of  the  two  Segments,  that  is 
the  Surface  of  the  Zone  VPf^,  will  be  equal  to  the 
difference  of  the  Surfaces  of  the  two  Cylinders,  that  is, 
the  Surface  of  the  Cylinder  LSZTNO.  Which  was  to  b& 
JDemonftraicd, 


COROLLARY. 

It  follows  from  this  Theorem,  that  the  Surface  of  a 
Zone,  for  inftance  VPQX,  is  equal  to  the  Redangle  un¬ 
der  its  Height  RQ^,  and  the  Circumference  ABCD  of  a 
great  Circle  of  a  Sphere,  becaufe  the  Surface  of  the'Cy^ 
Under  LSZTNO,  to  which  ’tis  equal,  is  equal  to  the 
fame  Redangle,  by  Theor,  20. 

SCHOLIUM. 

Î  conclude  this  Theory  by  redifying,  by  the  way, 
a  Miftake  that  feveral  have  run  into,  believing  that  as  the 
Surface  of  the  Zone  AMbîC  of  the  Hemiiphere  ABC, 
whofe  Centre  is  O,  and  Diameter  AC,  is  equal  to  the 
Surface  of  the  correfponding  Cylinder  AGHC  ;  fo  the 
Surface  of  the  Zone  AILC,  of  the  Semi-Spheroid  ADC, 
whofe  leffer  Axe  is  the  fame  Diameter  AC  of  the  Hcmi- 
fphere  ABC,  and  half^the  great  Axe  is  OD,  is  equal  to 
the  Surface  of  the  fame  Cylinder  AGHC,  of  the  fame 
Bafe  and  Height  with  the  Hemifphere,  and  that  the  Se- 

mi”Spheroi4 
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mî-Splieroid,  and  confequently  the  Surfaces  of  the  two 
Zones  AIL,  AMNC,  are  equal  ;  which  is  not  true,  it 
being  certain,  that  of  the  Zone  AILC  of  the  Semi-Sphe-  Bg,  138, 
roid  is  lefs  than  that  of  the  Zone  ,  AMNC  of  the  Hemi- 
fphere,  or  than  that  of  the  Zone  AGHC  of  the  Cylinder, 
as  has  been  very  well  demonftrated  by  R.  F.  Nùhoîm  of 
the  Society  of  fefus,  the  bell  Geometer  of  the  Age,  that 
I  know.  Whence  ’tis  eafe  to  conclude,  that  the  Surface 
of  the  Cylinder  AEFC,  is  greater  than  the  Surface  of 
the  Inlcrib’d  Semi-Spheroid  ADC,  confequently  what  a 
Modern  Author  advances  in  a  Book  publiflfd  at  Farzs, 

1691,  is  not  true,  as  alfo  what  Errari  fays,  in  his  Geomsi, 

Izb,  5.  03ap.  10.  namely,  that  the  Surface  of  an  Oblong 
Spheroid  is  to  the  Surface  of  a  Sphere  infcrib’d  in  the 
fame  Spheroid,  as  the  great  Axe  to  the  little  one.  See 
the  end  of  SeB,  2.  Chap,  3.  Lib,  2.  Meehan, 


CHAPTER.  II. 

PROBLEMS.  \ 

I  Have  now  explain’d  the  Theory  feparately,  and  am 
come  to  the  Praélical  Part,  which  I  Hiall  difpatch 
with  annexing  no  other  Demonflration,  but  a  Quo¬ 
tation  of  the  Theorem  it  depends  upon,  that  it  may  'be 
more  agreeable  and  proper  for  fuch  as  content  themfelves 
with  the  Practice  thus  difengaged  from  the  Theory,  * 

PROBLEM  I. 

To  meafure  a  Triangle, 

The  Area  of  a  Triangle  may  be  found  two  ways, 

namely,  by  the  help  of  one  of  its  Sides  known,  anàTlateXVÎB 
its  Perpendicular,  that  may  be  meafured  Mechanically 139* 
on  the  Ground:  Or  by  its  three  Sides  being  known, 
without  a  Perpendicular,  as  you  fhall  fee. 

To  meafure  therefore  the  Area  of  the  Triangle  ABC, 
by  the  help  of  the  known  Side  AB,  of  28  Yards  for  in- 
fiance,  and  its  Perpendicular  CD,  which  we  will  fuppofe 
24  Yards  :  Multiply  28  and  24  together,  the  two  Num¬ 
bers  of  the  Side  AB,  and  its  Perpendicular  CD,  and  half 
the  Produdl  672,  will  give  336  Yards  Square  for  the  Area 
of  the  Triangle  propofed  ABC,  becaufe  multiplying  the 
^  Side  AB  by  its  Perpendicular  CD,  the  Produdl  672  is 
the  Area  of  the  Rectangle  AEFB,  of  the  fame  Bafe  and 
Height,  but  that  is  double  the  Triangle  by  41,  i. 

'  '  To 


! 

y 
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TlateX7II,  To  meaiiire  the  fame  Triangle  ABC,  by  the  help  of 
139.  its  three  Sides  being  known,  AB  fuppofed  to  be  28  Yards 
AC  26  Yards,  BC  30  Yards. 

Add  the  three  Numbers  together,  28,  26,  30^  and  the 
Sum  84  will  be  the  Perimeter  of  fbe  Triangle  ABC, 
whole  half  is  42.  Subtraft  feparately  from  that  half  42, 
the  Sides  28,  26,  30,  to  obtain  the  three  excelTes  14, 
16,  12.  Multiply  the  fame  half  42,  by  one  of  the  three 
foregoing  excelles,  fbr  inftance  the  fir  ft  14,  and  the  Pro- 
duft  588,  by  one  of  the  other  two  excelTes  16,  12,  for  in¬ 
ftance  16,  and  the  fécond’ Product  9408,  by  the  laft  excels 
12,  to  obtain  a  third  Produit  112896,  whofe  Square 
Root  Vvill  give  336  fquare  Yards  for  the  content  of’  the 
Triangb^rppofed  ABC,  as  is  evident  by  Theor,  2* 

42  42  42 

C28  28  z6  30 

The  Sides -^26  —  • —  •— 

/30  14  16  12 

84  the  Perimeter  of  the  Triangle* 


42  half  the  Perimeter* 
-14  the  frft  Excefs 

588  the  frft  Produfi. 

16  the  fécond  Excefs, 

9408  the  fécond  ProduB, 
12  the  third  Excefs, 


11  I  28  j  96  the  third  ProduB, 

3!  ('^'^6theAreaoftheTriangJt* 

228 

<53 

399<5 

666 


000 


Jte marks  on  the  frft  Method, 

*Tis  evident  that  inltead  of  multiplying  the  Bafe  AB 
by  the  Height  CD,  and  taking  half  the  Produit  to  get 
the  Area  of  the  Triangle  ABC,  you  may  multiply  the 

Bafe 
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by  half  the  Perpendicular  :  or  half  the  Bale  ABPMteYF/A 
by  the  Perpendicular  CD  ;  but  in  Praétife  ’tis*  better  to  Fig’»  139» 
multiply  the  two  Lines  together,  and  take  half  their 
Producfl:,  becaufe  they  can’t  always  be  exaftly  halved  ; 
and  multiplication  ol  Fractions  is  always  more  trouble- 
fome  than  that  of  Integers. 

When  the  Perpendicular  CD  is  not  very  long,  it  may 
be  eafily  meafur’d  with  a  Cord  faftned  to  the  Pointf  C, 
extending  it  till  it  touches  the  Side  AB.  :  Other- 
wife,  that  is,  when  the  Perpendicular  CD  is  pretty 
long,  in  which  cafe  a  Cord  can’t  be  fo  well  ufed,  you 
may  fnd  by  the  Staff  of  the  Surveying  Inftrument,  or 
fome  other  way  th^  Point  D,  of  the  Perpendicular,  as 
has  been  ihown  in  m}-^  întroduBion  into  Mathematich, 

And  then  it  wdll  not  he  difficult  to  meafure  with  a 
Chain  and  Sticks  the  length  of  the  Perpendicular  CD, 
provided  you  can  but  run  all  along  it,  whether  it  fall 
within  or  without  the  Triangle,  but  in  Pradife  ’tis  bet¬ 
ter  to  make  it  fall  within,  becaufe  then  you  are  freed 
from  the  trouble  of  producing  the  Side  that  the  Perpen¬ 
dicular  muft  be  let  fall  on. 

If  you  can’t  actually  meafure  the  Length  of  the  Per¬ 
pendicular  CD,  but  can  meafure  the  three  Sides  AB,  AC 
BC,  you  may  find,  by  the  help  of  them,  the  Perpendi¬ 
cular  CD  by  13,  2.  when  it  falls  within  the  Triangle//^,  i^o» 
ABC,'  or  by  12.  2.  when  it  falls  without. 

But  if  you  can  meafure  but  two  Sides,  for  inftance, 

AB,  AC,  intlead  of  the  third  Side  BC,  meafure  the 
Angle  A,  and  fo  find  by  TrobL  2.  Chap.  3.  B,  2.  Trÿ, 
the  Perpendicular  CD,  and  then  the  Area  of  the  Tri¬ 
angle  ABC,  which  may  be  found  by  Tl&eor.  I. 

if  the  Triangle  ABC  be  Ifofceles,  for  inftance,  its  two 
Sides  AC,  BC,  equal,  there  is  no  need  of  Caladation 
to  find  the  Segments  AD,  BD,  one  of  which  muft  be 
known  to  find  the  Perpendicular  CD,  becaufe  each  in 
this  cafe  is  equal  to  half  the  Bale  AB. 

There  will  be  lefs  need  ftill  of  Calculation  in  finding 
the  Perpendicular,  if  the  Triangle  be  Redtangled,  for  if  142. 
for  inftance,  the  Angle  A  be  right,  the  Side  AC  will 
ferve  for  a  Perpendicular  in  regard  of  the  Safe  AB  ; 
and  then  you  have  no  more  to  do  but  to  multiply  the  two 
Sides  AB,  AC,  together,  and  take  half  the  Produ^ft,  to 
gain  the  Area  of  the  Triangle  propofed  ABC.  Thus  if 
the  Side  AC  be  15  Yards,  and  the  Side  AB  20,  multi^ 
plying  thefe  two  Numbers  and  20  together,  and 
taking  half  their  Product  300,  you  will  have  I'jO  Yards 
fquare  for  the  Area  ofthe  Right-angled  Trians;le  ABC. 

If 


142 
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If  tlae  two  Sides  AB,  AC,  are  exprefs’d  by  Yards 
TlatsXVlI»  and  Feet,  reduce  them  into  Feet,  by  multiplying  th*e 
142.  Yards  by  3,  becaufe  a  Yard  long  contains  three  Feet 
long,  and  adding  to  the  Produft  the  odd  Feet,  and  then 
find  the  Area  in  Square  Feet,  which  may  reduced 
if  you  pleafe,  into  fquare  Yards  by  dividing  them  by 
9,  becaufe  a  fquare  Yard  contains  9  . fquare  Feet.  This 
nvili  be  better  underwood  in  the  Following  Problem. 

Remarks  upon  the  fecjoni  Method. 

If  you  can’t  exactly  halve  all  the  Sides,  but  one  miift 
remain,  that  mull  not  be  negleéled,  becaufe  the  Area  of 
the  Triangle  would  then  be  very  imperfectly  found  :  But 
to  a\roiàFra(aions,  that  is  to  fay,  to  caufe  that  there  be 
no  B.emainder,  double  all  the  Sides,  and  feek  the  Area 
of  the  T riangle,  which  will  be  quadruple  tliat  of  the 
Triangle  propos’d  19,  .6.  by  thefe  Sides  doubled,  then 
divide  the  Area  thus  found  by  4,  and  you  will  have  that 
you  inquire  after. 

Ph  Thus  if  the  Side  AB  be  6  Perches,  the  Side  AC,  ii, 

and  the  Side  BC  12,  doubling  thele  three  Sides  you  will 
have  12,  22,  24,  for  the  Sides  of  a  Triangle  that  is  Qj^- 
druple,  whole  Area  will  be  found  to  be  1315  Perches 
Square,  and  a  Quarter  of  it  namely  33  Square  Perches 
will  give  the  Area  of  the  Triangle  propofed  ABC. 

If  the  Sides  of  the  Triangle  be  exprefs’d  by  Fraéiions 
of  a  different  Denomination,  reduce  them  into  the  fame  ; 
then  neglecting  their  common  Denominator,  confider 
their  Numerators  as  the  Sides  of  the  Triangle,  and  the 
Area  found  being  divided  by  the  common  Denominator 
will  give  the  Area  of  the  Triangle  propos’d. 

Thus  if  the  Side  AB  be  ot  ^  Feet,  AC  4  or 
Feet,  and  BC  *5  i  or  Feet,  reduce  thefe  three  impro¬ 
per  Fractions  \5,  into  three  other  of  the  fame  Deno¬ 
mination  and  negleCting  the  common  Denomi¬ 

nator  12,  find  the  Area  of  a  Triangle,  whofe  Sides  are  42, 
^6, 69,  which  you  will  find  is  4702  Feet  Square,  which  di¬ 
vided  by  144  the  Square  of  the  common  Denominator, 
will  give  32  Feet  Square  for  the  Area  of  the  Triangle 
142.  propos’d  ABC. 

If  the  Triangle  propos’d  be  Right-angled,  as  ABC  is 
in  A,  only  fubtraCt  from  half  the  Perimeter  of  the  Tri- 
angle,  each  of  the  two  Sides  AB,  AC,  and  multiplying 
tfjgether  the  two  Excédés  :  Or  which  is  much  eafier^ 
fubtraCt  the  Hypotenufe  BC,  and  multiply  the  Excefs  by 
half  the  Perimeter^  for  by  any  one  of  thefe  two  Methods, 

yo-a 
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you  will  find  tbe  Area  of  tbe  Rîghtaâgîed  Tiriaiigte 


as  ’tis  evident  by  'Theor.  3 ‘Plàî'eXPiî 
Thus  if  the  Side  AB  be  20  Yards,  the  Side  AC  Fig»téy2% 
and  confequendy  the  Hypotenufe  BC  25  Yards  ;  half  the 
Perimeter  is  30,  from  whence  fubtraàing  each  of  the 
two  Sides  AB,  AC,  you  will  have  the  two  Excédés  lo.» 

1 5,  whofe  Prodüét  150  is  the  Area  of  the  Triangle  ABC, 
or  fubtraéting  from  half  the  Perimeter  30  the  Hypotenufe 
BC,  you  will  find  the  Excefs  5,  by  which  multiplying 
the  Semi-Perimeter  30,  the  Product  is  1^0  Yards  fquare^ 
as  before,  for  the  Area  of  the  Triangle  propos’d  ABC. 

ïf  the  Triangle  be  equilateral,  its  Area  is  found  by 
multiplying  the  Biquadrate  of  one  of  its  equal  Sides  by  3, 
and  dividing  the  Square  Root  of  the  Product  ^4*  As 
for  inftance,  if  each  of  the  Sides  were  6  Perches,  the 
Biquadrate  of  6  is  1296,  and  the  fquare  Root  of  its  Tri¬ 
ple  3888  is  about  62,  a  Quarter  of  which  is  I*)  d:  Perches 
Square  for  the  Area  of  an  Equilateral  Triangle,  each  of 
whofe  Sides  is  6  Perches. 


P  R  O  B  *L  E  M  ri. 


To  meafurs  a  Parallelogram. 
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TI S  evident,  if  the  parallelogram  propos’d-  be  a  pj  xvilf 
Re(ff angle,  as  ABCD,  that  you  have  no  more  to 
do,  but  to  multiply  its  Length  AB,  by  its  Breadth  AC, 
to  find  its  Area.  Thus  if  the  Length  AB  be  125  Yards, 
and  Breadth  AC,  64  Yards,  multiply  thefe  two  Numbers 
together,  the  Produdt  8000  Yards  Square  gives  the 
Area  of  the  Rectangle  propos’d  ABCD, 

’Tis  evident  alfo  that  if  the  Parallelogram  propos’d  be 
Oblzqueangleiy  as  ABCD,  whofe  Angles  are  oblique,  you 
muit  multiply  one  l^f  its  Sides  as  AB  by  its  Perpendicular 
DE,  that  is  drawn  from  the  oppofite  Angle  D,  to  find  the 
Area,  becaufe  by  this  Multiplication  you  find  the 
Area  of  the  Reftangle  DEFC,  which  is  equal  to  that 
propos’d  ABCD,  by  36.  i.  Weihallgive  no  Example  be- 
catifo  the  thing  is  fo  eafie,  q 


SCHOLIUM, 


Since  the  whole  Artifice  of  this  Problem  confifts  in 
multiplying  two  Lines  together,  and  it  often  times  hap¬ 
pens,  that  thofe  Lines  are  exprefs’d  by  Fractions,  I 
thought  it  proper  to  give  fbme  inftances  here  of  the  DiF 
foulties,  that  may  happen  for  fuch  as  are  not  much  vers’d 
în'Arithmetic,  To 
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To  find  the  Area  of  the  Parallelogram  ABCD,  whofe 
^^atXVIIl  BaÇe  AB  is  for  inftance  ^  Yards  and  2  Feet,  and  Height 
Bo,  4  Yards,  reduce  thefe  4  Yards  into  Feet,  by  multi¬ 
plying  them  by  9,  and  you  will  have  12  Feet  in  their 
ilead.  Reduce  alfo  the  Safe  AB  by  multiplying  by  5 
the  5  Yards  it  contains,  and  you  will  ha  ve  15  in  Head  of 
them,  to  which  adding  the  odd  2  Feet,  you  will  have 
17  Feet  for  the  Bafe  AB,  which  multiplied  by  the  Height 
DE  12  Feet,  gives  204  Square  Feet,  or  22  Yards  fquare, 
and  6  Square  Feet,  for  the  Area  of  the  Parallelogram  pro¬ 
pos’d  ABCD.  ^ 

Or  without  reducing  the  Sides  into  Feet,  multiply  firû 
the  5  Yards  of  the  Bafe  AB,  by  the  4  Yards  of  the 
Height  ED,  and  you  will  have  20  Yards,  then  the  2 
Feet  of  the  Bafe  AB,  by  the  4  Yards,  or  12  Feet,  the 
Height  ED,  gives  24  Feet  Square,  or  2  fquare  Yards, 
and  fix  Feet  fquare,  as  before,  for  the  Area  of  the  Pa¬ 
rallelogram  fought. 

This  Multiplication  alfo  may  be  made  by  the  Aliquot 
Parts,  thus.  Having  multiply’d,  as  before,  5  Yards  by 
4  Yards,  and  to  get  the  20  fquare  Yards,  there  remains 
2  Feet  to  be  multi  ply’d  by  4  Yards,  which  may  be  done, 
by  confidering  2  Feet  as  of  a  Yard,  but  the|.  part  of 
4  Yards,  or  j-  multiplied  by  4  Yards  make  2  fquare  Yards, 
and  6  fquare  Feet,  which  added  to  20  fquare  Yards, 
makes  22  Yards,  and  6  Feet  as  before  ;  the  Operation 
iiands  thus. 

Tards»  Feet, 


5 

2 

4 

0 

20 

0 

1 

I 

3 

22 

6 

But  fince  the  Memory  is  too  much  charged  by  this  f 
Method,  and  ’tis  eafy  to  miftake  in  it,  I  think  it  better 
to  reduce  the  Sides  that  are  to  be  multiplied,  into  their 
loweft  Terms,  when  they  are  of  different  kinds.  As  if  the 
Bafe  AB  were  3  Yards  and  2  Feet,  and  the  Height  ED 
two  Yards  and  9  Feet,  each  of  thefe  Lines  muft  be  re¬ 
duc’d  into  Feet,  and  the  1 1  Feet  of  the  Bafe  muft  be 
multi  ply’d  by  the  9  Feet  of  the  Height  ED,  and  the 
Prod«<ft  will  give  99  fquare  Feet,  or  11  Yards  for  the 

Area 


/ 


I 


% 


I 
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Area  of  the  Parallelogram  ABCD,  as  is  evident,  lince  ÿ  TU,XVllf, 
fquare  Feet  make  a  yard  fgu are#  .  i*Fÿ*l44» 

In  like  manner,  if  thé  Bafe  AB,  and  Height  ED  were 
exprefs’d  in  Yards,  Feet,  and  Inches,  they  ihuft  be  re¬ 
duced  into  the  loweft  Denominator,  namely  Inches,  by  ® 
multiplying  firft  the  Yards  by  9,  becaufe  each  Yard  long’ 
contains  9  Feet  long,  and  you  have  the  Feet,  to  which  add 
the  remaining  Feec,  then  multiply  the  Sum  by  i2,  be- 
caufe  a  Foot  long  contains  12  Inches  long,  and  you  will 
have  the  Inches,  to  which  add  the  odd  Inches  ;  then  mul**. 
tiply  the  Inches  of  the  Bafe  AB,  by  the  Inches  of  the 
Height  ED,  and  you  will  have  the  Area  fought  in  fquare  . 

IncheSj  which  may  Be  reduced,  if  you  pleafe,  into  fquare 
Feet,  by  dividing  them  by  144,  becaufe  one  fquare  Foot 
contains  144  fquare  Inches,  and  the  Feet  fquare  into 
Yards  fquare,  by  dividing  by  9,  becaufe  a  Yard  fquare  ' 
contains  9  fquare  Feet. 

Thus  if  the  Bafe  AB  he  for  inftance- 5  Yards,  5  Feet* 
and  6  Inches,  and  the  Height  ED  2  Yards,  4  Feet,  and 
8  Inches,  reduce  each  of  thefe  Lines  into  Inches,  and  yoU 
will  have  222  for  the  Bafe,  and  128  Inches  for  the  Height 
ED  :  Multiply  thefe  two  Numbers  together,  and  you 
will  have  28416  fquare  Inches  for  the  Area  of  the  Paral¬ 
lelogram  ABCD,  reduce  thefe  fquare  Inches  into  fquare 
Feet,  by  dividing  them  by  144,  and  you  will  have  197, 

Square  Feet,  and  48  fquare  Inches:  Reduce  thefe  197  • 

Square  Feet  into  fquare  Yards,  dividing  them  by  9,  and 
1  you  will  have  2t  fquare  Yards,  and  8  fquare  Feet,  in 
I  all  2Ï  fquare  Yards,  8  fquare  Feet,  and  48  fquare  Inches, 
for  the  Area  foaght. 

You  may  find  the  fquare  Yarcls  at  once,  by  dividing 
th^  28416  fquare  Inches  by  1296,  the  value  of  a  fquare 
Foot  in  Inches  fquare,  becaufe  a  Yard  long  is  96  Inches 
1  long,  for  then  you  will  have  2i  fquare  Yards,  and  the  re-. 

I  mainder  1 200*  being  taken  for  Square  Inches  and  divided 
by  144  will  give  in  the  Quotient  8  Square  Feet,  and  the 
remainder  after  the  Divifion  will  be  48  fquare  Inches  as 
above. 

SCHOLIUM.  , 

You  need  not  meafure  any  Perpendicular,  if  the  Pa¬ 
rallelogram  propos’d  be  a  Rhombus,  becaufe  its  Area  is 
equal  to  half  the  Product  under  the  ttvo  Diagonals,  as  ’tis 
eafy  to  demonftrate. 


V 


PRO- 


[6  A  Treaüfi  of  Geometr  v.^ 

PROBLEM  III. 

To  find  the  Area  of  a  Trape^ium<, 

V17TTT  if  the  Trapeiium  propos’d  be  a  Trapeioid, 

jiVU  .  Jp  ABCD,  whofe  oppo/îte  Side  AB^  CD  are  parai- 
lei,  meafure  exaAly  the  length  of  each  of  tbefe  two  pa¬ 
rallel  Sides  AB,  CD,  as  alfo  that  of  theif  Perpendicular 
DE,  and  multiply  the  Sum  of  the  fame  two  Sides  AB_, 
CD  by  the  Perpendicular  DE,  and  half  the  Produft 
fhall  be  the  Area  of  the  Trapezoid  propos’d  ABCD,  by 
Theori^,  Thus  if  the  Perpendicular  DE  be  24  Yards, 
and  the  Side  AB  25,  and  the  other  Side  parallel  CD  16, 
the  Sum  of  the  two  parallel  Sides  AB,  CD  is  41,  which 
multiply ’d  by  the  Perpendicular  DE,  fuppofed  to  be  24 
Yards,  will  give  984,  whole  half^  492  fquare  Yards  will 
give  the  Area  fought. 

But  if  the  Trapezium  propos’d  has  no  Sides  parallel,  as 
ABCD,  whofe  Side  ABfuppofe  to  be  21  Yards,  BC  i*,, 
CD  8,  and  AD  10,  then  reduce  it  into  two  Triangles  by 
the  Diagonal  BD,  17  Yards  long.  On  this  Suppofition, 
the  Area  of  the  T riangle  BCD,  whofe  three  Sides  arc 
known,  will  be  60  f<iuare  Yards,  and  that  of  the  Triangle 
ADB  84  Yards  fquare,  hy  Prob.  i.  Wherefore  add  the 
two  Areas  found  60  and  84  together,  and  you  will  have 
144  Yards  fquare  for  the  Surface  of  the  TrapeZ-ium  pro¬ 
pos’d  ABCD. 


•  14^'^ 


SCHOLIUM, 


When  you  are  to  meafure  the  Triangles  ABD,  BCÎ>, 
hy  their  Perpendiculars,  you  may  let  them  fall  from  what 
Angle  you  pleale  upon  its  oppofite  Side,  as  is  moft  con¬ 
venient.  Thus  here  the  Perpendicular  DE  is  drawn 
from  the  Angle  D  to  the  oppohte  Side  AB,  and  the  Per¬ 
pendicular  CF  from  the  Angle  C,  to  its  oppofite  Side  of 
Diagonal  BD.  But  it  would  be  better,  when  it  can  be  i 
well  done,  to  let  fall  Perpendiculars  upon  the  fame  Dia-  i 
gonal  BD,  becaufe  the  Diagonal  BD  being  multiply’d  by 
the  Sum  of  its  two  Perpendiculars,  and  halved  gives  the 
Area  of  the  T rapezium  propos’d  ABCD,  as  *tis  evident 
by  I,  2. 

147»  Diagonal  BD  muft  be  meafured upon  the  Ground, 

becaufe  it  has  no  determin’d  Ratio  to  the  four  Sides,  ex¬ 
cept  when  the  Quadrilateral  ABCD  is  in  a  Circle,  in  ! 
which  Cafe  call  the  Side  AB  and  the  Side  BQ  L  and  I 

the 
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the  Side  CD  Cy  and  the  Side  AD,  d,  and  the  Square  of 
the  Diagonal  BD  will  be  proportional  to  thefe  three  ^  jj. 
Planes  ad  +•  bcy  ab  cd,  ac  bd^  and  the  Square  of  the 
other  Diagonal  AC  will  be  proportional  to  the  three  W* 
V\^ntsab^cdy  ac bd,  ad^bc.  When  therefore  the 
four  Sides  fhall  be  known,  the  Diagonals  will  alfo  be 
known,  and  confequently  the  Area  of  the  Trapezium 
ABCD.  But  this  Area  may  be  found  independently  up¬ 
on  the  Diagonal  AC  or  BD,  by  this  Rule,  which  has  its 
Demonftration, 

Having  added  together  the  four  Sides  AB,  JBC,  CD,  AH, 
fubjiraB:  feparately  from  half  their  Sum  each  Side,  and 
multiply  the  four  Excejfes  together,  and  the  fquare  Root  of 
their  ProduB  will  give  the  Area  fought. 

Thus  if  the  Side  AB  be  loo  Foot,  the  Side  BC  63^ 

Side  CD  4«5,  and  the  Side  AD  80,  half  the  Sum  of 'the 
four  Sides  loo^  63,  45,  80,  is  144,  from  which  fubftrafting 
feparately  the  fame  Sides  100,  63,  45,  80.  and  there  will 
remain  thefe  four  Numbers  or  Exceffes  44,  64,  81,  99, 
whofe  Product  into  one  another  is  22581504,  and  its  fquarc 
Root  4752  Feet  Square,  gives  the  Area  of  the  Quadri¬ 
lateral  propos’d  ABCD. 

.  In  like  manner,  if  the  Side  AB  be  18  Yards,  BC 
CD  2,  and  AD  23,  its  Perimeter  will  be  54  Yards,  and 
its  half  confequently  27  Yards,  from  whence  fubftraéfing 
feparately  thefe  four  Sides  18,  ii,  2,  23,  there  will  re¬ 
main  thefe  four  Numbers  9,  16,  25,  4,  which  being 
(Squares,  their  Produdf  into  one  another  will  be  alfo  a 
I  fquare  Number,  namely  14400,  whofe  fquare  Root  120 
Ï  Yards  is  the  Area  fought.  „ 

If  the  Ground  will  not  permit  you  to  meafure  any  of  its 
Diagonals,  defcribe  al'XDut  the  Quadrilateral  ABCD  the 
Parallelogram  EBCF,  whofe  Area  meafure  by  Prob,  2, 
as  alfo  that  of  the  two  Triangles  AED,  CFD,  then 
fubftraft  the  Sum  of  thefe  two  Areas  from  that  of  the  Pa¬ 
rallelogram,  and  you  will  have  remaining  the  Surface 
of  the  Trapezium  propos’d  ABCD. 

PROBLEM  IV. 

To  find  the  Area  of  a  regular  Polygon, 

TO  find  the  Superficies  of  a  regular  Polygon,  for  in-'^^^* 
fiance,  of  the  Hexagon  ABCDEF,  whofe  Center 
G  is  the  fame  with  that  of  the  circumfcrib’d  Circle,  draw 
[from  the  Center  G,  upon  the  middle  of  one  of  the  Sides, 
as  AB,  the  Perpendicular  GH,  v^bich  muft  be  found  firfi 

L  2  of 


f 


148 

PI.  XVIll 
i+9> 


o 


A  Treatife  of  G  n  o  ù  e  t  ky. 

of  all,  by  the  help  of  thfeikpown  Side  AB,  which  we  \Vill  | 
fuppofe  to  be  ,i  20  Fathoms,  in  this  manner. 

Divide  the  entire  Circle,  or  360  Degrees,  by  the  num-  ^ 
ber  of  the  Sides  of  the  Polygon,  as  here  by  6,  the  C^o-  * 
tient  will  give  6p^Degrees  for  the  Angle  at  the  Center  » 
AGB,  wherefore  its  half^  or  the  Angle  AGH  will  be  30  I 
Degrees,  whofe  Complement  GAH,  which  is  half  the  \ 
Angle  of  the  Polygon,  will  be  confequently  60  Degrees,  j 
Thus  in  the  Right-angled  Triangle  AGH,  there  is  known  j 
befides  the  Angles,  the  Side  AH  60  Fathoms,  beinghalf  i 
the  Side  AB,  which  we  fuppofed  1 20  Fathoms  ;  wherelore  1 
the  other  Side,  or  the  Perpendicular  GH  may  be  found  1 
by  this  Proportion* 


the  Radius  . 

To  the  Tangent  of  half  the  Arÿk  of  the 
Polygon  '  - 

So  is  half  the  Side  of  the  Polygon 
To  the  Perpendicular  G H 


fOOOOO  »  5 

?  1 73205,  » 

103.  5.  d.  J 


f  Which  will  be  found  to  be  103  Fathoms,  5  Feet,  arid  a,-  -  5 
f:)Out  6  Inches,  by  which  multiplying  the  Perimeter  of  the  rt 
Hexagon,  720  Fathoms,  half  the  Produit  will  pve  37410  :  : 
Fathoms  fquare,  for  the  Area  of  the  Hexagon  propos’d  !  ^ 
ABCDE?  j  the  Demonftration  is  evident  by  Theor*  5. 

S  C  H  O  L  I  Ü  M. 


,  A  diftance  never  fo  little,  from  the  true  length  Of  the  i 
Perpendicular,  in  neglecting  the  Fractions,  will  caule 
fcnfible  one  from  the  true  Areaol  the  Polygon,  erpeciallyv; 
if  its  Side  be  of  a  conliderabk  bignefs  :  For’  by  negleCtings! 
here  the  Fractions  of  the  Inches  in  the  length  of  the  Per-  -1 
pendicular,  we  have  come  diortof  the  Area  ôf  fheHexa-  -; 
gdn,  by  two  Fathoms  fquare,  as  may  be  found  by  following^’:] 
this  particular  Rule,  for  finding,  as  exaCtly  as  is  poflible,:j 
the  Area  of  a  regular  Polygon,  whofe  Side  is  known. 

Multiply  the  Tangent  oj  half  the  Angle  of  the  Polygon 
the  Side  of  the  fame  Polygon^  and  multiply  the  FroduB  by  ^ 
the  Perimeter  of  the  Polygon,  for  a  fécond  ProduB,  divide 
Quarter  of  it  by  the  Radius^  'and  you  will  have  the  Area  ^ 
fought. 

As  in  this  Example,  half  the  Angle  of  the  Polygon  be-  ' 
ing  60  Degrees,  multiply  its  Tangent  173205  by  the  Side  c 
of  the  Polygon,which  we  have  fuppoled  to  be  120  Fathoms,'* 
and  you  will  have  the  firft  PjoduCt  20784.600,  which  muU  - 
Éiply’d  by  the  Perimeter  of  the  Polygon, 720  Fathoms,  wilU 

give  • 
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!  give  a  fécond  Produd  14964912000,  a  quarter  of  which?/.  Xyilh 
\  3741228000  being  divided  by  the  f|Ladius  100000,  gives  Fig,  149. 
'  37412  Fathoms  fquare  for  the  Surface  ofthe  Polygon  pro-  ' 
pos'd  ABCDEF.  .  - 

By  this  Rule  we  have  computed  the  following  Table, 

;!  Viewing  the  Areas  of  •  the  regular  Pdygons,  from  a  Tri- 
I  angle  to  a  Dodecagon,  the  Side  of  the  Polygon  throughout 
):  being  fuppos’d  to  be  1000 ,  and  this  Number  pitch’d' 

|i  upon  rather  than  any  other,  becaufe  more  commodious, 

).  not  only  for  computing  the  Table,  but  for  its  Ufeftilnefsi 
(i  for  by  it,  you  may  ealily  find  ^the  Area  of  a  Polygon  pro- , 

3  pos’d,  whole  Side  is  greater  or  (efs  than  looQ  Yards,  or  ' 
ipeet,  ClTc.  ‘  ^  ^  -  “7 


Triangle 

433013 

Square 

'  I 000c 00 

Pentagon 

1720477 

Hexagon 

2«598o75 

Heptagon 

3633526 

0 Bag  On 

4828427 

pnneagon 

61818^4 

Decagon 

7694209 

Enàecag  on 

.936380^ 

Dod.ee  agon 

1x196132 

c  For  as  fimilar  Polygons  are  to  one  another  as  the  Squares 
'  of  their  Homologous  Sides,  by  20.  6.  ’tis  eafily  known, 
K  you  have  nothing  to  do,  but  to  multiply  the  Square  of  thé 
a  Side  of  the  Polygon  propos’d,  by  the  Area  correfponding 
in  the  foregoing  Table,  and  divide  the 'Produ<fr  by  the 
j  Square  of  1000,  which  is  loooooD,  which  is  done  by  cut- 
1  ting  off  fix  Figures  to  the  right  Hand.  Thus  here  multi- 
^  ply  the  Area  of  the  Hexagon  found  in  the  Table,  namely 
;  259087$  by  the  Square  14400  of  the  Side  of  the  Hexa- 
M  gon,  fuppos’d  to  be  120  Fathoms,  and  d/yide  the  Produ<i^ 
,1  37412280000  by  loooooo,  and  the  Quotient  will  give, 
V  ^7412  fquare  Fathoms  for  the  Area  fought^  as  before. 
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problem  V. 

Te  find  the  Area  of  an  Irregular  Polygon. 

PlatXVIII,  \  ^  Irregular  Polygon  may  be  meafur’d  juft  as  the, 
1^0.  rapezium,'  whichrwe  reduc’d  into  two  T riangles  by 

a  Diagonal,  namely,  by  reducing  the  Irregular  Polygon; 
into  Triangles  by  Diagonals -drawn,  as  you  pleafe,  frotii 
one  Angle  to  another,  and  '  meafuring  by  Probl,  i.  the 
Areas  of  all  the  Triangles,  for  their  Sum  gives  the  Area 
of  the  Polygon  propos’d.  Thus  we  have  reduc’d  the 
Pentagon  ABCDjE  into  three  Triangles  ABE,  BDE^ 
BCD,  by  the  two  Diagonals  BE,  BD  :  and  after  the 
manner  you  may  reduce  into  Triangles  the  Irre- 
,  *  gular  Heptagon  ABCDEFG,  or  if  it  be  more  commo¬ 

dious,  draw  a  right  Line  thro’  the  two  moft  diftaht  An¬ 
gles,  as  CG,  ufually  call’d  the  Fundamental  Line^  to 
which  let  fall  from  all  the  other  Angles  as  many  Perpen¬ 
diculars,  and  they  will  divide  the  Figure  into  Right- 
angled  Triangles  and  Trapezoids,  whofe  Areas  maybe 
found  by  Frobh  i.  2.  and  their  Sum  gives  the  Area 
fought. 


SCHOLIUM,; 

.j  Ÿ 

Fig*.  I '52.  When  you  can’t  draw  Diagonals  within  the  Polygon 

that  is  to  be  meafured,  for  inftance  the  Hexagon  ABC* 
DEF,  to  reduce  it  into  Triangles,  defcribe  about  it  the 
Parallelogram  AGHI,  whofe  Area  may  be  found  by 
Probly  2.  from  whence  fubtrafting  the  Areas  of  all  thé 
Triangles  form’d  without  the  Figure,  and  eafily  meafur’d 
by  Probl,  1.  2.  what  remains  will  be  the  Area  of  the 
Hexagon  propos’d  ABCDEF. 

’Tis  evident  that  by  this  Method  one  may  eafily  plat 
a  Field  by  Diameters  taken  without,  as  ABCDEF,  becaufe 
having  meafured  pretty  exactly  the  Sides  of  all  the  Tri¬ 
angles  form’d  within  the  Parallelogram  AGHI,  ’twilf 
be  eafie,  by  taking  the  meafure  of  all  the  Lines  upon  a 
particular  Scale,  or  upon  the  equal  Parts  of  a  Secftor,  to 
lay  down  all  the  Triangles,  and  fo  have  the  Figure  re¬ 
duc’d  into  a  fmall  compafs  upon  the  Paper. 

Since  it  often  happens  that  the  Grounds  that  are  to 
be  furvey’d,  are  bounded  by  Curve  Lines,  the  Curve 
Lines  may  be  taken  for  right  ones,  if  the  difference  be 
but  little,  or  you  may  divide  them  into  leffer  Parts,  that 
may  pafs  for  right  Lines,  confidering  the  Figure  as  a  Po- 

i  :  .  Ijgyn 


3  Part  îil.  0/ Planimetry.  151 

j  lygon  of  a  great  number  of  little  Sides,  that  may  be  mea* 

1  fur’d  as  has  been  taught,  without  any  confiderable  Error  : 

5  Of  by  drawing  right  Lines  crofs  the  Curve  ones,  fo  tha|:  PUtX^ÎJh 
3  to  the  view  they  make  up  without^  what  they  cut  off  from  Eÿ, 

3  the  Figure^  without  any  fenfible  Error,  efpecially ‘if  you 
'i  were  to  mea.fure  the  Content  of  a  Lake,  or  County. 

P  R  O  B  L  E  M.  VI. 

i  To  find  tbs  Circumference  of  a  Circle ^  its  Diameter  being 

given, 

^  find  the  Circumference  of  the  Circle  ABCDjF/ÿ.  1^4^ 

7*  whofe  Diameter  AC  for  inftance  is  12$  Feet,  mul- 
^  .^^Ply  the  Diameter  125  Feet  by  314,  and  divide  the 
^  Erodu(fr  39250  by  100,  and  the  Quotient  will  give  392 
^  ^®et,  6  Inches  for  the  Circumference  ABCD  fought,  as 
is  evident  by  Theor,  14.  which  Ihews  us  alfo,  that  mul« 

;  tiplying  the  Diameter  125  by  22,  and  dividing  the  Pro* 
i  'du(fr  2750  by  7,  we  fhall|have  3,92  Feet,  10  Inches  for  the 
]  Circumference  ABCD,  which  happens  to  be  greater  than 
J  the  former,  becaufe  as  we  took  notice,  the  number  22  is 
;  greater  in  refped  of  the  Divifor  7,  than  it  Æouîd  be, 

;  as  the  Number  314  is  lefs  than  it  fhould  be  in  refpeefr  of 
100,  but  the  difference  is  not  fo  great.  Wherefore  the 
:  Circumference  AbCD  will  be  nearer  392  Feet,  6  Inches, 

I  than  392  Feet,  10  Inches,  but  to  have  it  nearer  ftill, 
multiply  the  Diameter  i2<  by  3 1415 9,  and  divide  the 
'  Produit  39259S75  by  locoop,  and  then  the  Circumfe*’ 
rence  will  be  found  to  be  392  Feet  and  about  8  Inches, 

PROBLEM  VIL 

•  * 

Tq  find  the  Diameter  of  a  Circle  y  whofe  Circumference  is 

given, 

TO  find  the  Diameter  AC  of  a  Circle  whofe  Circum¬ 
ference  ABCD  is,  for  inftance,  125  Yards,  multiply 
this  Circumference  125  by  100,  and  divide  the  Produit 
12^00  by  314,  and  the  Quotient  will  give  39  Yards,  and 
about  3  Feet  for  the  Diameter  AC  fought,  as  is  evident 
by  Theor,  14.  Where  \ye  told  you,  that  in  great  Numbers 
the  Ratio  of  looooo  to  314159  muft  be  ufed  ;  thus  to 
find  the  Diameter  of  the  liarth,  whofe  Circumference  is 
7200  Leagues,  becaufe  a  Degree  of  the  Circumference  of 
the  Earth  is  20  Leagues,  multiply  this  Circumference 
X2Ü0  by  looooq,  and  divide  the  Produit  720000000  by 
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3141^9,  tHc  Quotient  will  give  about  2292  Leagues  for 
the  Diameter  fought,  or  for  the  Diftance  from  hence 
154»  of  our  Antipodes,  half  whereof  1146  Leagues,  gives  the 
Semi-diameter  of  the  Earth,  ^  or  the  Diftance  of  the  Cen-- 
ter  of  the  Earth  from  us,  ,  .  ^ 

o 


PROBLEM  yilL’ 


To  find  the  Area  of  a,  Circle\  its  Pi^tmeter  being  given, 

find  the  Area  of  the  Circle  ABCD,  whole  Dia- 
“**  meter  AC  is  for  inftance  125  Feet,  multiply  the  Dia¬ 
meter  125,  by  its  Circumference,  which  we  found  to  be 
392  FeetS  Inches,  or  4712  Inches,  '  by  FrobU  6.  and  a 
quarter  of  its  Product  or  1 2270  Feet  fquare,  and  about 
120  Inches  fquare,  will  be  the  Area  of  the  Circle  propos’d 
ABCD,  as  is  evident  by  rf)e0r.  13. 

SCHOLIUM. 


To  avoid  the  FraéfionSjthat  happen  in  theCircumference; 
after  you  have  multiplied  the  Diameter  12$  by  314, 
don’t  divide  the  Product  392^0  by  100,  as  ought  to  be 
done  in  finding  the  Circumference,  but  multiply  it  by 
the  fame  Diameter  12^,  for  a  fécond  Produft  49062*50,  a 
quarter  of  which  1226*5624*  divided  by  100  gives  12265 
Feet  fquare,  and  90  Inches  fquare  for  the  Arua  of  the 
Circle  proposed  ABCD. 

Or  becaufe  the  Square  of  the  Diameter  of  a  Circle  is 
to  the  Area  of  the  fame  Circle  as  1000  to  785  nearly,  by 
Th^or,  15.  Multiply  the  Diameter  125  by  itfelf,  for  its 
Square  15625,  and  this  Square  15625  by  785,  and  divide 
the  Produél  12265625  by  1000,  and  you  will  have  as  be¬ 
fore  12265  Feet  fquare,  and  90  Inches  Iquare  for  the  Area 
fought. 

This  Area  may  be  found  more  eafily  than  by  the  firft 
where  we  have  omitted  the  Fraftioiis  of  an  Inth  :  But  if 
you  would  be  more  exaét,  ule  the  Ratio  of  loooooo 
to  785398,  inftead  of  100  to  785,  that  is  to  fay,  multiply 
the  Square  15625  of  the  Diameter  125  by  785398, 
and  divide  the  Produft  12271843750  by  1000000 , 
and  the  Quotient  will  give  1227 1  Feet  fquare,  and  a-^ 
bout  121  Inches  fquare  for  the  Surface  of  the  Circle  pro-  , 
pos’d  ABCD. 


'Part  III.  0/  P  L  A  N  I  M  E  T  R  Y. 

’Tis  by  this  Method  I  have  made  the  following  Ta- 
'  We,  â  at  ihews,  in  integer.',  and  Hundred-Thoufandth,5 
'  *Parts,  leparated  from  the  Integers,  by  a  Point  to  the 
’  right  Hand,  the  Areas  of  Circles,  whole  Diameters  are 
:  from  i  to  ipo. 
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A  Table  of  Areas  of  Circles^'  whofe  Diameter 
of  a  given  Magnitude  from  i  to  lOO. 


1  Diam> 

I  Areas. 

Diam* 

'  Areas, 

1  1 

j  0.78^40 

31 

754.76769 

1  ^ 

Î-I4IT9 

32 

804.24771 

? 

7.068^8 

\ 

33 

885.29859 

4 

I25'6637 

34 

907.92027 

196549^ 

35 

962. 1 1275 

I  ^ 

28.2749? 

36 

ioi7i876oi 

1  7 

5  0.484,^1 

37 

1075-21008 

1  ^ 

5’o.26f48 

38 

II  94.1 1494 

1  ^ 

1  65.61725* 

• 

39 

119459060 

I  10 

78.^9981 

40 

1256  65706 

I  II 

95.05517 

. 

41 

1520  25451 

II  9.0979  9 

42 

1585.44250 

1 

152.75228 

<  .43 

1452.20120 

1 

1Î9.99804 

44 

1520  55084 

i76.7?4f  8 

45 

159045128 

I 

1  201.06192 

4,6 

1661.90251 

Î7 

226  98006 

47 

1734-94454 

1  1 8 

! 

254.46900 

48 

1809  55736 

19 

28.9.5’2879 

49 

1885.74099 

20 

514.15926 

50 

1969.4^^40 

21 

946.960^9 

2042.82062 

22 

j8o.i  5271 

S'i 

2125.71665 

•  23 

475-.47y62 

53 

2206.18544 

24 

45:2.98994 

54 

2290  28104 

2Î 

490.8798Ç 

55 

297^  82944 

26 

no-92915’ 

56 

’2465.00864 

27 

572-5' 5  5  26 

57 

2551.75869 

28 

615  75216 

58 

2642.07942 

29 

660  5 1 985 

59 

2755.97100 

1  ?° 

706.85854 

60 

2827.49998 

Piam, 
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Diam. 

'Areas, 

Viam. 

Areas. 

61 

2922  4665:6 

81 

yiy2.9973Ç 

62 

3019.070^4 

82 

^281.0172^ 

65 

3II7.245'?! 

8? 

^410.60794 

64 

3216  99087 

84 

?  HI  .76944 

3318.30724 

8? 

J674.Î0173 

66 

Î421. 19439 

86 

5’8o8. 80481 

^7 

87 

^94467869 

68 

3631 68IIO 

88 

6082.12337 

^9 

3739.28065: 

89 

6221.1 3885 

70 

38484f  100 

90 

6l^6\q2^ll 

71 

395'9.i92i4 

91 

6^03. 88219 

72 

4071.5:0407 

92 

6647  0Î oof 

7? 

418^.38681 

95 

6792  90871 

74 

4300.84034 

94 

6039.77817 

7Ç 

4417  86466 

9y 

7088.21842 

76 

4ÎÎ6.4J979 

96 

7238.22947 

77 

46^(5.62^71 

97 

738981131 

78- 

4778.36242 

98 

7^42.96396 

79 

4901.06993 

99 

7697.68739 

80^ 

>026, 5*4824 

1  ,  100 

(78f3.98i63 

Thus  you  may  find  by  this  Table,  the  Area  of  a  Cir->, 
cle  whole  Diameter  is  56  Feet,  to  be  2465  Feet  fquare, 
and  864  Hundred-thoufandths  which  is  about  i  Inch 
fquare,  as  may  be  known  by  multiplying  the  Numerator 
864  by  144,  beçaufe  a  Foot  fquare  contains  144  Inches 
fquare,  and  dividing  the  Produit  1224416  by  the  Deno¬ 
minator  lOCOOO,  ' 


PRO- 


I $6  ATrâatifeûf  G^oiae-^ky. 

'  • 

^  *  P  R  O  B  L  E  M  IX. 

T<?  find  the  ^rea  of  a  Circle  y  its  Circumference  being  given, 
pu*\n7nî  find  the  Surface  of  a  Circle,  whofe  Diameter  i? 

I  ,frs  A'Rr'r*  :- 
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AC,  its  Circumference  ABCD  being  given,  for  in- 
►Hance,  125  Fathoms,  fuppofe  it  thp  Circuipference  of  the 
Bafon  of  a  Fountain  ;  multiply  this  Circumference  i2j 
by  the  Diameter  AC,  which .  by  Probl.  7,  will  he  found 
^to  be  39  Fathoms,  ^  Feet,  or  239  Feet,  a  quarter  of  its 
{Produft  will  give  1244  Fathoms  and  2S  Feet  fquare  for 
the  Area  of  the  Circle  propos’d. 

f  SCHOLIUM. 

f  ■  •  •• 

4  ,  ^  _ 

^  To  ayoid  the  Fraé^ionSj  that  happen  in  the  Diameter 
iof  the  Circle,  after  you  have  multiply’d  the  Circum¬ 
ference  12$  by  100,  don’t  divide  the  Produft  12 $00  by 
3i4>  as  you  ought  to  do  in  finding  the  Diameter,  but 
multiply  it  by  the  fame  Circumference  125,  for  a  fécond 
Produél  I ‘562^00,  a  quarter  of  which  390625  divided 
by  3 14  will  give  1244  Fathoms,  and  i  Foot  fquare  for  the 
Area  fought. 

Since  the  fécond  Product  1562500  is  nothing  but  the 
Produâ:  of  the  Square  of  the  Circumference  by  100,  and 
the  Ratio  of  100000  to  31 4159  is  more  acc'urate  than 
that  of  100  to  3 14,  as  was  feen  in  Theorem  14.  The  Area 
fought  may  be  found  more  exactly  by  multiplying  the 
Square  15625  of  the  Circumference  125  by  100000,  and 
dividing  39062 5oco,a  quarter  of  theProdu^  1562500000, 
by  314159,  the  Quotient  will  give  1243  Fathoms,  14 
Feet  fquare  for  the  Area  of  the  Circle  propos’d  ABCD, 
which  is  very  exa^, 


•  j  « 


P  R  O- 


Part  III.'  0/. Planimetry. 

PROBLEM  X. 


•  ’To  find  the  Diameter  of  a  Circle^  its  Area  being  given»  Vlat^lJl 

•  .  . 

BEcaufe  by  Th,  13.  the  Area  of  a  Circle  is  equal  to  half  • 

the  Rectangle  under  the  Circumference  and  Radius, 
confequently  to  a  quarter  of  the  Reftangle  under  the  Cir¬ 
cumference  and  Diameter,  it  follows,  that  if  by  the  hel^ 
of  the  following  Problem,  yoii  find  the  Circumference, 
and  divide  the  quadruple  of  the  Arèa^vén  by  that  Cir¬ 
cumference,  you  will  have  the  Diatü^r  anfweririg  to 
that  Area,  But  becaufe  we  have  not  fôuftd  the  Circum¬ 
ference  we  muft  do  thus.  ,  “  > 

To  find  the  Diameter  AC  of  the  Cîrclé  ABCD,  whofe 
Area  is  125  Feet  fquare,  we  muft  recolleft  what  was? 
demonftrated  .in  Theor,  15.  namely,  that  the  Area  of  a 
Circle  is  to  the  Square  of  its  Diameter,  as  785  to  i03O 
nearly  :  We  muft  therefore  multiply  thé  Area  12$  by 
1000,  and  divide  the  Produd  125000  by  785  ,'  ând  the  > 
fqxiafe  Root  of  the  Quotient  159  gives  12  Feet  7  Inches 
for  the  Diam'eêér  fought.  ; 


SCHOLIUM, 


The  Ratio  of  785398  to  1000000  being  more  exaÆ 
than  785  to  looo,  ufe  the  fecond  Ratio,  and  you  will 
find  the  Diameter  with  much  greater  exaftnefs.  Multiply 
therefore  the  Area  given  125  by  1000000,  and  divide  * 
the  Produit  125000000  by  785398,  and  the  Square  Root 
of  the  Quotient  159,  will  give  12  Feet  7  Inches  for  the 
Diameter  AC.  ^ 

By  this  Method  we  have  computed  the  following  Ta¬ 
ble,  fho wing  in  Integers  and  Hundred-thoufandth  Parts^^' 
that  are  feparated  from  the  Integers  by  a  Point  on  the 
Right  Hand,  the  Diameters  of  Circles,  whole  Areas  ar# 
given,  from  i  to  100, 


A  Treatife  d/"  G  E  o  M  e  T  R  y.  , 

« 

A  Table  of  the  Diameters  of  Circles^  whofe  Areai 
-  are  given  from  i  to  lOO. 


Areas,  Diamet, 


Areas. 

Diamet. 

1 

1  12838 

2 

I.y9y76 

? 

I  95’44i 

4 

2.25’ 676 

2.^2313 

6- 

2.76395 

7 

2.985’4i 

8 

3.19152 

9 

3.38514 

'  10 

3. >6824 

II 

3.74240 

12 

3.90882 

I? 

4.06844 

14 

4  22200 

IT 

4.37019 

i6 

451352 

17 

4.6^242 

i8 

4.78728 

19 

491849 

20 

5  04626 

21 

5.17088 

22 

5.29256 

j  23 

541151 

24 

T  T2790 

2T 

5  64190 

26 

5-75362 

27 

5.86323 

28 

5  97082 

29 

6.07650 

30 

6.18038 

6.28254 

3^ 

6.38304 

33 

6.48204 

34 

!  6.57952 

’  3T 

6  67558 

36 

6.77028 

37 

6.86366 

■  38 

6.95579 

39] 

7.04673 

•  40 

7.13648 

41 

7.22515 

42 

7.31272 

43 

7.39928 

44 

7.48480 

4T 

7.56939 

46 

7.65304 

47 

7.73578 

48 

7.81764 

49 

7.89865 

TO 

7.97885 

Ti 

8.05824 

52 

8.13686 

53 

8.21481 

T4 

8  29185 

55 

8.36829 

56 

8.44400 

57 

8.5V1907 

58 

8-59347 

T9 

8.66724 

60 

8.74058 

Areas, 


»59 


'  î 
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Areas, 

Diamet. 

• 

Areas, 

T>iamet, 

61 

8.81292 

81 

10.15- 5-41 

62 

8.88487 

82 

10.21790 

6? 

8.9^62; 

83 

10.28001 

64 

9.0270; 

84 

I Q.  5  41 76 

909727 

85 

10.405  Ï4 

66 

9 16700 

86 

10.46416 

67 

9.25618 

87 

10.^2482. 

68 

9  Î0484 

88 

10.585.12 

69 

9.57302 

89 

ro.64516 

70 

9  44069 

90 

10.70474 

71 

9.J0789 

91 

10.76405 

72 

9S'74f6 

92 

10.82502  " 

7? 

9.(^4072 

9; 

10.88169 

74 

9  70668 

94 

10.94004 

 7J 

9.77205- 

95 

10.99806 

9.85698 

96 

11.05581 

77 

9.90148 

97 

11.11525 

78 

9.965:57 

98 

11.17058 

79 

10.02924 

99 

11.22725 

80 

10  0925-5 

I©0 

11.285791 

Thus  you  may  find  by  this  Table,  that  the  Diameteif 
:  of  a  Circle,  whofe  Area  is  30  Feet  fquare,  is  6  Feet  and 
I  18038  Hundred- thou fandth  parts  of  a  Foot,  which  is  a- 
:  bout  2  Inches,  as  may  be^feen  by  multiplying  the  Nume¬ 
rator  18038  by  12,  becaufe  a  Foot  long  contains  12  Inches 
I  long,  and  dividing  the  Produil  21^45^5  by  the  Denomi¬ 
nator  lOOOQO. 


PRO. 


1^0 


A Treatife of  Géoùb. if  r  V.’ 
P  R  O  B  L  E  M  X-r, 


7h  fni  the  Cit*cuff7fcrencé  of  a  Circle^  its  'Area  bcii^g 

given. 


PldtXVlîî by  Theor.  i^é  the  Area  oPa  Circle  is  equal 


^54* 


_  tcf  half  the  Redangle  under  the  Circumference  and 

Semi-diameter,  ahd  coniequently  four  times  the  Area  is 
equal  to  the  Redangle  ubder  the  Circumference  and  Di¬ 
ameter,  it  follows,  that  if  you  divide  four  times  the  A- 
réa  by  thé  Diameter,  wtàch  may  be  found  by  Problem  lO, 
you  will  have  the  Circumference  of  the  Circle. 

.  Thus  if  the  Area  of  the  Circle  ABCD  were  125  Feet 
fquare,  and  its  Diameter  found  by  Problem is  12  Feet  < 
2  Inches,  or  15 1  Inches,  divide  500*Feet  fquare  or  72000 
Inches  fquare,  which  is  the  quadruple  of  the  Area  pro- 
pofed  i2<5,  by  the  Diameter  i«)i,  you  will  have  477 
Inches  or  39  Feet,  ^Inches  for  the  Circumference  of  the 
Circle  ABCD,  whofe  Area  is  12^  Feet. 


SCHOLIUM. 


^  H  E  Circumference  may  be  found  at  once,  by  multi- 
plying  fyOO  the  quadruple  of  the  Area  given  125,  by 
and  dividing  396  the  Square  P.oot  of  the  Produtb 


1 5  Too  by  lOy  for  the  Quotient  gives  39  Feet  7  Inches  for 
the  Circumference  ABCD,  exader  than  the  frft;  You 


may  have' a  third  more  exadflill,  by  multiplying  the 
quadruple  of  the  Area  given  125,  3141592,  and  di¬ 

viding  39633,  Square  Root  of  the  Pt^oduil  i57<^79^ooo, 
by  1000,  the  Quotient  giving  39  Feet  7  Inches,  as  before, 
tor  the  Circumference  fought. 


PROBLEM  XIT. 


TV  fnd  the  Area  of  à  SeBor  of  a  Circle ,  Jefs  than  à 

Semi-circle, 


•TO  find  the  Area  of  the  Sedor  of  a  Circle  CEDF, 
lefs  than  the  Semi-circle  ADC,  its  Diameter  AC  be- 
îng  given,  forinflance  125  Feet,  and  its  Angle  CED  or 
Arc  CFD  being  given,  fuppofe  80  Degrees  ;  the  Area  of 
the  whole  Circle  ABCD  will  be  found  by  Problem  8.  to 
be  Ï2271  Feet  fquare,  and  about  121  Inches  fquare,  and 
becaufe  the  Area  of  the  Sedor  CEDF  is  fuch  a  Part  of 
the  Area  of  the  whole  Circle  ABCD,  as  its  Arc  CFD  is 

of 


Part  iîî.  ^Planimetry. 

of  the  whole  Circumference  ABCD,  that  is  to  fay,  as 

So  to  560,  you  plainly  fee  the  Area  of  the  Se<fl:or  is  Ph*XVIJI» 

found  by  multiplying  the  Area  of  the  Circle,  which  is-%«i54* 

1 227 1  Feet,  and  121  Inches  fquare,  by  80  the  Number 
of  Degrees  of  the  Arc  CFD,  or  Angle  CED,  and  di¬ 
viding  the  Produft  981747  Feet  and  54  Inches  Square  by 
the  Number  of  Degrees  ^60  contain’d  in  the  Circum¬ 
ference,  for  the  Quotient  ÛJij  Feet  and  10  Inches  fquare 
gives  the  Area  of  the  Sector  propos’d  CEDFi  ’ 

SCHOLIUM; 

To  avoid  the  Fractions,  that  commonly  happen  in  jthë 
Area  of  the  Circle,  multiply  the  Square  15625  of  the  Dia¬ 
meter  12 always  by  2l%i6^,  and  that  Produ£l  3408828 12-î. 
again  by  80  the  Number  of  Degrees  of  the  Angle  ^  of  the 
^eâor^  for  a  fécond  Produit  27270625000,  which  divide  by 
looooooo,  and  the  Quotient  2727, Feet,  9  Inches  fquaré 
will  give  the  Content  of  the  SeAor  CEDF. 

As  by  multiplying  the  Circumference  ÂBCt5  by  thé 
Radius  AE  ot  ÈC,  and  taking  halÇ  yoU  find  the  Area 
bf  thé  Circle,  by  Tlo^or*  13.  So  after  the  fame  manner 
multiply  the  Arc  CFD  by  the  Radius  CE  or  ED,  and 
take  half,  arid  you  will  have  the  Area  of  the  «Sector 
CEDF,  fo  that  to  find  the  Area  independently  on  thé 
Circle,  you  muft  know  hô\V  to  meafüre  the  Arc  CFD^ 
which  may  be  done  thü;5. 

Becaufe  the  Arc  CFD  is  fuch  a  Part  of  the  Circumfe¬ 
rence  ABCD,  as  the  number  of  Degrees  it  contains  is 
of  360  the  number  of  Degrees  the  Circumference  con- 
;  tains  ;  finding  by  Problem  6.  the  Circumference  of  the 
[  Circle  ABCD,  392  Feet,  8  Inches,  then  multiply  it  by 

!8o  the  Number  of  Degrees  of  the  Arc  CFD,  and  di¬ 
vide  the  Product  3 1413  Feet,  4  Inches,  by  360  the 
Number  of  Degrees  in  the  Circumference  of  the  Circle, 
the  Quotient  87  Feet,  and  about  3  Inches  will  give  the 
J  Quantity  of  the  Arc  CFD. 

This  Arc  CPD  may  alfo  bé  found  more  exaHly,  by  ad- 
S  ding  to  double  the.  Chord  FC  or  FD  of  half  the  Arc  CPD^  à 
I  third  of  the  Éxeefs  of  that  double  above  the  Chord  of  the  in- 
I  tire  Arc  CD, 

The  double  of  the  Chord  CF  ivill  be  found  to  he  8  5 

iFeet,  6  Inches,  whence  fubtraéling  the  Chbrd  CD,  80 
Feet,  4  Inches,  the  Remainder  is  ^  Feet,  2  Inches,  whofe 
third  I  Foot,  9  Inches,  added  to  double  the  Chord  CF, 
ior  85  Feet,  6  Inches^  gives  87  Feet,  3  Inches  for  the  Arc 
'i  CFD,  as  before^ 

M  The 


lés 
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J  Treatrfe  of  G  VtO  UP  T  P. 

The  double  oF  tlie  Chord  CF  or  FD  was  found  by 
this  Proportion^ 


As  tf>e  Radius  100000 

To  double  the  Diameter  AC  500 

So  is  the  Sine  of  a  garter  of  the  Angle  CED^  34202 
To  double  the  Chord  CE  85.6 

And  the  Chord  CD  was  found  by  this  Proportion, 

As  the  Radius  locôoo 

To  the  Diameter  AC  ,  i2‘ï 

So  is  the  Sine  of  half  the  Angle  CeP  64278 

To  the  Chord  CD  80.  4 


From  thefe  two  Proportions  the  following  Rule  may 
be  drawn  for  finding,  with  eafe  and  exaétnefs,  the  Arc 
CFD.  Subtrabh  the  Sine  64278  of  half  the  Angle  of  the 
Seâor.,  from  eight  times  the  Sine  34202  of  a  Quar¬ 

ter  of  the  fame  Angle and  multiply  the  remainder 
by  the  Diameter  125,  for  the  Product  26167250,  arid  the 
^otient  of  8722417  its  third  Part  divided  by  the  Radius 
100000,  will  give  87  Feet  and  3  inches  for  the  Quantity  of 
ihe  Arc  CED. 

PROBLEM  XIII. 

fo  fnd  the  Area  of  a  SeBor  of  a  Circle^  greater  than  a  \ 

Semi-circle, 


'X'O  find  the  Area  of  the  Séélor  of  a  Circle  EDABCEl 
-f  greater  than  the  Semi-circle  ABC,  whofe  Diame^rr 
AC;  fuppofe  to  be  125  Feet,  and  the  Arc  DABC  280» 
degrees,  fubtra<ft  thefe  Degrees  from  360,  and  the  Re-- 
nlâirider  will  be  80  Degrees  for  the  Arc  CFD.  Find  by  f 
ProbL  12.  the  Area  of  the  Seftor  CEDF,  which  youi 
will  find  2727  Feet,  and  9  Inches  Square,  and  fubtraftt 
the  Area  of  the  whole  Circle,  which  you  will  find  by;* 
Probl,  8.  to  be  12271  Feet  and  121  Inches  Square,  theij 
Remainder  will  give  the  Area  of  the  Secftor  propos’d!'' 
EDABCDE,  9544  Feet,  and  1 1 2  Inches  SqtïarCtf 


PRO- 


Part  III.  0/ Planimetry. 

PROBLEM  XIV. 


^  -  t 

To  find  the  Arsa  of  a  Segment  of  a  Circle  Ufs  than  a 

Semi-circle» 


TO  find  the  Area  of  the  Segment  of  a  Circle  CDF, 

•lefs  than  the  Semi-circle  ACD,  by  its  Diameter  i54* 
AC,  fuppos'd  to  be  125 ’Feet,  arid  Arc  CFD  fuppos’d  to 
be  80  Degrees  ;  the  Area  of  the  Sei^lor  CEDF  will  be 
found  by  ProbL  12.  to  be  2727  Feet  and  9  Inches  fquare, 
from  whence  fubtraft  the  Area  of  the  Ifofceles  T riangle 
DEC,  which  may  be  found  thus. 

Having  let  fall  from  the  Angle  E,the  Perpendicular  EG, 
on  the  Bafe  CD,  which  will  bifeil  the  Bafe  CD,  and  An¬ 
gle  of  the  Segment  CED,  find  the  length  of  that  Perpen¬ 
dicular  EG, by  making  this  Proportions  in  the  two  Right- 
angled  Triangle  EGC,  EGD.  ^  ‘  , 

Ab  the  Radius  icoooo 

To  the  Semi  diameter  "BC  or  ED  62i 

So  is  the  Sine  Complement  of  half  the  Angle  CED  76604 

To  the  Perpendicular  EG  *  47,  10 

Which  will  be  found  to  be  47  Feet  and  about  10  Inches,' 
multiply  it  by  the  Line  DG  or  CG  40  Feet,  2  Inches, 
half  the  Line  CD,  which  was  found  by  Problem  13  .  to  To 
80  Feet,  4  Inches,  and  the  Produéf  1921  Feet,  44  Inches 
fquare,  gives  the  Area  of  the  Triangle  CED. 

Or  let  fall  from  one  of  the  two  Angles  C,  D,  as  the 
Angle  C,  the  Perpendicular  CH,  to  the  oppofite  Side 
DE,  whole  length  may  be  found  by  making  this  Propor*» 
tion  in  the  Right-angled  Triangle  CHE. 

As  the  Radius  '  ‘  100006 

To  the  Semi-diameter  EC  62^ 

So  is  the  Sine  of  the  Angle  CED  98480 

To  the  Perpendicular  CH  61.  6 


Which  being  thus  found  to  be  about  61  Feet  6  Inches,’ 
and  multiply’d  by  half  the  Radius  ED  gi-J,  or  a  quarter 
of  the  Diameter  AC,  fippos’d  to  be  12*)  Feet,  will  give 
1921  Feet  26  Inches  for  the  Area  of  the  Triangle  CED# 
The  Area  found  by  thefe  two  ways  is  not  very  exafr, 
bccaufe  we  have  taken  no  notice  of  the  Frafrions  of  the 
Inches,  To  find  it  ex^^tly  follow  this  Fvule,  d,rawn  fronr 
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the  foregoing  Proportion;  Multiply  the  eighth  Part  12310 
'ÎÎ  XVIIL  98480  of  the  Angle  CED^  by  the  Stpuare  1562$ 

Eh  X>Mweter  125,  and  divide  the  Produü:  i923437‘;o 

'  *  Jy  the  Radius  lopooo,  the  Quotient  1923  Feet  6  Inches 
fquare,  roiU  give  the  Area  of  the  Triangle  CED^  which 
fubtraéïied  from  that  of  the  Seétor  CED,  found  to  be 
X  .  .’5'  2727  Feet  and  9  Inches  fcjiuare,  leaves  803  Feet  90  Inches 
, fquare  for  the  Area  of  the  Segment  propos’d  CDF. 

-  S  C  H  d  L  I  U  M. 

;  If  the  Segrlient  CDF  were  feparated  ftom  the  Circle, 
in  which  cafe  the  Diameter  AC  or  FI  is  not  known,  mea- 
fure  the  Bafe  or  Chard  CD,  and  Height  FG,  call’d  the 
Vyrfed  Sine^  bv  which  dividing  the  Square  of  half  the 
Bafe  CG,  or  DG,  'you  will  have  the  other  Part  GF  of 
the  Diameter  FI  ;  Bee  au  fc  the  Angle  ICF  being  right  by 
31.  3.  the  Line  CG,  perpendicular  to  the  Diameter  FI, 
is  a  mean  proportional  between  the  t\vo  Parts  G  I,  GF, 
h>f  8,6.Be(ides  that  by  2';.  3.  the  Square  CG  is  equal  to  the 
Re(flangle  under  the  two  Parts  GI,  GF,  Thus  adding 
together  the  two  Parts  GI,  GF,  the  Diameter  FI  will 
be  known, and  confequeritly  the  Semi-diameter  EC,  whofe 
Square  lellen’d  by  the  Square  CG,  or  Rectangle  under 
the  Parts  Cl,  GF,  gives  the  Square  EG, 

problem  XV- 

îh  fnd  the  Area  of  a  Segment  of  a  Circle  greater  than  a 

Semi-circle, 

TO  find  the  Area  of  the  Segment  of  a  Circle  CDAB^ 
greater  than  the  Semi-circle  ABC,  whofe  Diame¬ 
ter  AC,  for  inftance,  fuppofe  to  be  i2^  Feet,  and  Arc 
DABC  280  Degrees,  in  which  Cafe  the  Arc  CFD  will 
he  80  Degrees  ;  fubtraft  from  the  Area  of  the  whole  Cir¬ 
cle  ABCD,  which  by  Probl,  8.  will  be  found  to  be  12271 
Feet  and  121  Inches  Square,  the  Area  of  the  little  Seg¬ 
ment  CDF,  which  by  Probl.  14.  will  bé  found  to  be 
803  Feet  90  Inches  fquare,  and  the  Remainder  1 1468 
Feet  and  31  Inches'  Square,  will  give  the  Area  of  the 
greater  Segment  CDAB,  which  may  be  found  alfo  by- 
adding  the  Area  of  the  great  Seftor  CEDAB,  which  by 
Probl,  13,  will  be  found  to  be  9^44  Feet  and  112  Inches 
fquare,  the  Area  of  the  Triangle  CED,  which  hy  ProbU 
14.  will  be  found  to  be  1923  Feet  and  ^7  Inches  fquare# 

PRO- 


f 
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PROBLEM  xyi.  /  . 

Th  fnd  the  Area  of  a  Space  bounded  by  ^a  Cycloid.  -r 

-’j:  ‘  ■  -! 

find  the  Area  of  the  Space  ABCD  terniinated  bypi^  XVlIh 
-**  the  Cycloid  ABC,  and  right  Line  AC,  equal  to  the  j./ 
Circqipfcrence  of  the  generating  Circle,  whofe  Diameter  * 
is  the  A:çc  BD,  \yliich  yqu  may  fuppofe  to  Le  i2  Inthesÿ. 
in  whic):!  Cafe  the  Circuiriierence  pf  the  generating  Circle 
or  Bafe  AC  \yill  be  found  to  be  Inches,' by  Pro^/.  6.. 
and  the  Area  of  the  generating  Circle  will  be  found  by  • 

VrobU%,  to  be  1 13  Inches  fquare  ;  triple^this  Area  found, 
and  you  will  have  339-2^  Inches  fquare  for  the  Area  of  the 
Cycloid  ABCD,The  Demonftration  is  evident  hyTheor,  1 9. 

Or,  Multiply  the  fquare  144  of  the  Area  12,  by  ^ 

23‘)6i94,  a^id  divide  the  FroduB  339291936,'^  icooooo,. 
and  the  Quotient  will  give,  as  before  about  3.39 -5?^  Feet 
fquare,  for  the  Area  fought, 

»  .  -  < 

SCHOLIUM. 

Becaufe  by  Theor,  19.  the  Area  ABÇD  of  the  Cycloid  is 
triple  that  of  the  generating  Circle  BGD,  you  eafily  fee 
that  the  Space  BGDCE  is  equal  to  the  generating  Circle, 
and  confequently  to  113  Inches  fquare,  half  of  which,  56 
tV?  fquare  will  give  the  Area  of  the  Segment  BCE, 

becaufe  the  Segment  BCE  is  equal  to  half  the  Space  BCE, 
pr  half  the  Space  BDAH,  terminated  by"  the  Curve  BHA 
defcrilfd  by  the  help  of  the  Tangents  of  the  Cycloid  BEC^ 
by  Theor.  8.  Where  we  have  demonftrated  that  the  Seg* 
ment  BCE  is  half  the  Space  BDAH,  equal  to  the  Space 
BGDCE,  each  being  compos’d  of  an  equal  number  of  e- 
qual  Lines,  as  ’tis  eafie  to  conclude  from  the  Property  of 
^he  Tangent  EF,  which  is  parallel  to  the  correfponding 
Chord  BG,  as  has  been  demonftrated  in  Theor,  1 9,  where 
we  have  demonftrated  alfo  that  the  Line  GE  or  BF  or  IH 

js  equal  to  the  correfponding  Arc  BOG, 

» 

PROBLEM 

To  find  the  Area  of  an  Annulusy  or  Rin^. 

TI  S  evident,  that  to  find  the  Area  of  the  Ring  bound-^ 
ed  by  the  two  Circumferences  pf  Concentric  Circle^ 

■ABCD,  EFGH,  whofe  Diameter  ÀC,  EF,  arc  known^ 
is  AC  18  Fathoms^apd  EG  12^  Fat^ioms,  you,  have  nothing^ 

'  M  ^  '  '  '  ■  '  '  to 
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to  do  but  to  fubtraft  the  Area  of  the  Circle  EPGH, 
JPLXVIII  which  by  Frobh'  8.  will  be  found  to  be  113  Fathoms  and 
Jÿ.  156,  3  Square,  from  that  of  the  Circle  ABCD,  which 
will  be  found  to  be  2 '54  Fathoms  and  17  Feet  fquare,  for 
the  remainder  141  Fathoms  and  14  Feet  fquare  will  give 
the  Area  of  the  Annulus  or  Ring  propos’d. 

This  Area  may  be  found  feveral  other  ways,  but  the 
eafeft  of  all  is  this;  Multiply  the  Sum  ‘^o  of  the  two  Di¬ 
ameters  18,  12,  by  their  difference  6,  and  multiply  the  Pro-- 
dubb  180  by  y for  a  fécond  Produbt  141371640, 
which  divided  by  loooooo,  gives  141  Fathoms  and  13  Feet 
fquare  for  the  Area  fought. 

The  Demonftration  ofthis  ihort  Method  will  be  evident 
to  any  one  that  knows  that  the  Annulus  or  Ring  AFC 
ÎS  equal  to  the  Circle  HIBD,  whofe  Radius  GB  is  per¬ 
pendicular  to  the  Diameter  AC,  and  confequently  a  mean 
proportional  between  the  Lines  AG,  GC,  by  13.  6.  for 
iince  the  Square  of  that  mean  Proportional  is  by  17,  6. 
equal  to  the  ReAangle  of  the  Lines  AG,  GC,  which  are 
the  Sum  and  Difference  of  the  two  Radius’s  OC,  OG  ; 
that  is  to  fay  by  ^  2.  to  the  difference  of  the  Squares  of  the 
fame  two  Radij  OC,  OG  ;  and  the  Circles  are  to  one 
another  as  the  Squares  of  their  Radi]  by  2.  12.  it  fol¬ 
lows  that  the  Circle  HIBD,  whofe  Radius  is  GB  is  equal 
to  the  difierence  of  the  Circles,  whofe  Radi]  are  OC,  OG, 
that  is  to  fay,  to  the  Annulus,  or  Ring,  AFCH,  S’r, 

PROBLEM  XVIir. 

To  find  the  Area  of  an  Ellipfe. 

TO  find  the  Area  of  the  Ellipfe  ABCD,  whofe  great 
Axe  or  Length  AC  fuppofe  to  be  20  Fathoms, and  lefs 
Axe  or  Breadth  BD  to  be  12  Fathoms,  multiply  the  two 
*57.  Axes  20  and  12  together,  and  let  the  Produ<ft  240  be 
multiply’d  by  7S5,  and  that  Produdl  188400  divided  1 
by  1000  will  give  188  Fathoms  and  14  Feet  fquare  for  i 
the  Area  of  the  Ellipfe  propos’d  ;  thç  Demonftration  is 
evident  by  T/kor.  17*  .  . 

SCHOLIUM. 

To  find  the  Area  more  exaéfly,  inftead  of  the  Ratio  of 
ÏOOO  to  785  ufe  that  of  loooooo  to  785398,  that  is  to  fay, 
multiply  the  Product  240  of  the  two  Axes  20,  12,  by 
785398,  and  divide  the  Produit  188495520  by  ioOooco 

and 


Part  III.  0/  P  L  ANIMETRY,  l6j 

and  the  Qiiotient  will  give  i88  Toifes  and  i8  Feetft^uarg 
for  the  Are^  fought. 

If  a  Segment  of  an  Ellipfe,  as  AEF,  were  to  be  niea- P/,  XVJII, 
fared,  bounded  by  the  right  Line  EF,  perpendicular  to  Fÿ.  1^7, 
the  great  Axe  AC,  meafure  the  part  AG,  and  divide 
the  lefs  Axe  BD  at  the  Point  H,  after  the  fame  manner  as 
the  great  Axe  AC  is'  divided  at  the  Pqint  G,  namely,  by 
finding  to  the  three  Lines  AC,  AG,  BE),  a  Iburth  propoi> 
tional  BH  ;  then  let  fall  from  the  Point  H,  the  Line  HI 
perpendicular  to  the  Axe  BD,  apd  that  \vill  be  termina¬ 
ted  in  I,  by  the  Semi-circle  BFD,  defcrib’d  on  the 
Center  O,  about  the  little  Axe  BD,  That  being  done, 
if  by  Fro^/,  14.  you  meafure  the  Segment  of  the  Circle, 
half*  of  which  is  reprcfen^ed  by  BHI,  and  by  Problem  8, 
the  Circle  whereof  BDI  'is  half,  this  Segment  vyil}  be 
fuch  a  Part  of  its  Circle  as  the  Segment,  AEF  is  of  the 
Ellipfe  ABCD  by  Theor.  18.  Wherefore  if  to  the  Area 
of’  the  Circle,  and  that  of  its  Segment,  and  that  of  the 
Ellipfe,  you  find  a  fourth  Proportional,  you  -vyill  have  th^t 
of  the  Segment  propos’d  AEF.  The  fame  way  pf  Reafon- 
ing  may  be  ufed  for  finding  the  Area  of  the  Se<àor  of  th" 

Ellipfe  OF  A,  but  inftead  of  the  Area  of  the  Cirtle  and 
Ellipfe  you  may  fabftitute  the  lefs  Axe  BD,  and  great 
Axp  AC,  that  are  in  the  fame  Ratio  by  Theor,  16, 

r 

PROBLEM  XIX. 


To  meafure  an  Hyperbola, 

TO  find  the  Area  of  the  Hyperbola  ABC,  whofe  Bafe 
AC  is  perpendicular  to  the  Axe  BD,  and  the  two.- 
Afymptotes  EF,  EG,  cutting  one  another  in  the  Center  E  „ 
of  the  Hyperbola,  at  equal  Angles  on  both  Sides  of  the 
Axe  ED  ;  draw  from  the  Point  C,  the  right  Line  CF  ^  ^ 
parallel  to  the  À fy mptote  EG,  and  thro’  the  Vertex  B, 
to  the  fame  Afyrpptote  EG,  the  parallel  BH,  which  will 
be  equal  to  the  Line  EH.  Ï  imagine  the  Part  FH  di¬ 
vided  into,  an  infinite  Number  of  equal  Parts  at  the 
Points  I,  K,  L,  and  draw  thro’  thofe  Points  the  Lines 
IM,  RN,  LO,  parallel  to  one  another  and  to  the  Line 
BH  or  CF. 

This  Preparation  being  thus  made,  fu.bftitute  a  for  the 
Line  EH  or  BH,  b  for  the  Line  HF,  and  x  for  the  Part 
HI,  or  IK,  or  KL,  then  you  will  have  HR— 2x, 
HL=3X,  and  fo  on  to  the  greatjeft  HF,  vyhich  we  call’d 
bj  and  confoquently  EI=r4-)-Xj  EK.^a^2X,  'E‘L—a-\-'^x 
Ç^Tc.^and  becaufe  by  the  Property  of  the  Afvmptotes  thei 
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Remarks  might  be  made  upon  what  has  been  faid,  but 
I  fhall  only  take  Notice,  that  if  the  Space  BCFH  be 
known,  the  reft  may  eafily  be  known. 
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Re(ftangle  of  the  Lines  EH,  BH,  or  the  Square  aa  is  e- 
E/<22. -Y/X  qual  to  the  Re<ftangle  of  the  Lines  El,  IM,  and  alfo  to  i 
1 5^*  Reélangle  of  the  Lines  EK,  KN,  and  in  like  manner  s 
to  the  Retftangle  of  the  Lines  EL,  LO,  you  will  have. 


Where  you  lee  that  all  a^s  are  equivalent  to  ab^  be^ 
caufe  the  Letter  b  or  the  Line  HF  reprefents  their 
Number  :  and  by  Theor,  10.  that  all  the  Terms  x,  2x, 
gx,  &c.  whofe  greateft  is  GK  or  b  arc  equal  to  ~bb^ 
and  by  Tbsor*  ii.  that  all  the  Squares  xx,  4xx,  çxx, 
&c.  whofe  greateft  is  bby  are  equal  to  ^  b^  2  Laftly,  by 
Theor,  12.  that  all  the  Cubes  in  Infinitum  X' ,  8x’, 
27x5,  CS’e.  whofe  greateft  is  are  equal  to  ^  b"^  :  In 
like  manner  all  the  Biquadrates  in  Infinitum  x"^, 

8ix^,  whole  greateft  is  are  equal  to  ’  b^,  and 
fo  on  ;  and  confequently  the  Sum  of  all  the  Parallels 
IM,  KN,  LO,  ^c,i  in  Infinitum  or  Hyperbolic  Space 
BCFH  is  equal  to 
,  bb  ,  b^  b^  b^ 

db-^  —  -L  —  —  -  4-  - r  “ 

2  *  3i2  é^aa  545 
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If  a  be  equal  to  i,  and  ^  to  yt  you  may  conclude, 
that  the  Space  BCFH  is  equal  to  -,4  •—  +  i-ih: 


Or,  Several 
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PROBLEM  XX. 

!  To  find  the  Area  of  the  Quadratic  Parabola, 

«  find  the  the  Area  qf  the  Quadratic  Parabola 

'  ABC,  whofe  Axe  BD,  Puppofc  124  Feet,  bired:5 

I  at  right  Angles,  the  Bafe  AC,  luppofe  135  Feet:  Mul- 
:  tipb^  the  values  124,  13^,  of  the  two  Lines  BD,  AC  to- 
5  gether,  for  the  ProduA  16740,  whofe  double  33480, 

^  being  divided  by  3,  gives  1 1 160  Feet  fquare  for  the  Area  ^59* 
:  of  the  Parabola  propos’d  ABC,  as  is  evident  by  Theor,  9^., 

1  which  furniflips  you  alfo  with  the  Method  of  meafuring 
I  Parabola’s  of  higher  Degrees,  fo  that  I  need  not  fpeak 
«  ^any  more  of  them  here. 

* 

SCHOLIUM, 


I  If  you  were  to  find  the  Area  of  the  Parabolic  Segment 
I  ECF,  you  muft,  befides  the  Parabola  ABC,  meafure  the  • 

I  Parabola  GBE,  bounded  by  the  Line  GE  perpendicular 
:  to  the  Axe  BD,  and  the  Trapezoid  DHEC  ;  For  fubtraâ: 

I  the  Semi-parabola  HBE,  and  Trapezoid  DHEC,  from 
I  the  Semi-parabola  DBC,  and  the  remainder  is  Âe  A- 
\  rea  of  the  Parabolic  Segment  ECF.  If  you  would  find 
I  the  length  of  the  Circumference  of  the  Parabola  ABC, 

I  you  may  do  it  by  the  help  of  the  Quadrature  of  the  Hyper- 
I  perbola,  thus  : 

!  To  find  the  Quantity  of  the  Circumference  of  the  Semi-  *  . 

[  parabola  ABC,  whofe  Axe  is  AD,  and  Bafe  CD  perpen- 
i  dicular  to  the  Axe  AD  j  draw  thro*  the  Point  C,  the  * 

I  Line  CE  parallel  to  the  Axe  AD,  and  thro’  the  Vertex 
A,  the  right  Line  AH  perpendicular  to  the  fame  Axe 
AD,  Take  upon  the  Axe  AD  produced  both  ways  the 
Lines  AF,  DG,  equal  each  to  half  the  Parameter^  which 
is  a  third  Proportional  to  AD  and  CD,  and  make  HE 
equal  to  CG  or  HF,  In  like  manner  iàra.vi  from  the 
Point  B  taken  at  Diferetioh  on  the  Parabolic  Line  ABC, 
the  right  Line  BN  parallel  to  the  Axe  AD,  and  after 
you  have  made  BK  perpendicular  to  the  Axe  AD,  and 
KL  equal  to  DG,  or  AF,  that  is  to  fay,  to  half  the  Para¬ 
meter,  make  PN  equal  to  BL  or  PF.  Laftly,  deferibe 
thro*  the  Points  F,  N,  E,  and  an  infinity  of  others  tha^ 
may  be  drawn  after  the  fame  manner,  thç  Curve  FNiË, 
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and  that  will  be  the  Circumference  of  an  Hyperbola,  as 
Tîai.  XIX,  we  fhall  afterwards  '  demonflrate. 

l6o.  This  Preparation  being  made,  let  us  imagine  the  Part 
Cl,  of  the  Parabolic  Line  ABC,  to  be  infinitely  fmall, 
and  confequently  a  right  Line,  and  that  thro’  the  Point  Ï, 
infinitely  near  the  Point  C,the  Line  IM  paffes  parallel  to 
the  Bafe  CD,  and  the  Line  SO  Parallel  to  the  •  Line  CE 
or  Axe  AD  ;  and  then  you  may  find  by  4.  6.  in  the  Tri¬ 
angles  CIS,  CDG,  that  are  Similar,  that  the  four  Lines 
Cl,  CS,  CG,  DG,  are  proportional,  and  by  1 6.  6.  that 
the  Reftangle  of  the  Extreams  Cl,  DG,  is  equal  to  the 
Reftangle  of  the  Means  CS,  CG,  or  HR,  HE,  that  is 
to  fay,  to  the  Figure  RHEO,  which  may  pafs  for  a  Rect¬ 
angle,  becaufe  the  Line  RH  is  fuppos’d  infinitely  little. 
Whence  ’tis  eafie  to  conclude, by  the  Method  of  Indivifibles^ 
that  the  Hyperbolic  Space  AHEF,  is  equal  to  the  Rectan¬ 
gle  under  the  right  Line  CG,  and  Curve  AbC,  If  there¬ 
fore  by  Probl,  1 9.  you  meallire  the  Area  pf  the  Hyper¬ 
bolic  Space  AHEF,  and  divide  by  the  right  Line  CG, 
you  will  have  the  length  of  the  Parabolic  Line  ABC. 

To  demonftrate  that  the  Curve  FNE  is  an  Hyperbolic 
Bine,  draw  from  the  Point  E,  taken  at  diferetion  on  that 
Curve,  the  right  Line  ET,  perpendicular  to  the  Axe  AD 
produced,  and  then  fubftituting  a  for  AF,  x  for  AT,  or 
HE,  or  HF,  and  y  for  ET  or  AH,  find  in  the  right- 
angled  Triangle  AHF,  this  Equation  aa’\-yy’=zxx^  or 
KX~~^aarzyy^  which  is  the  Locus  of  an  Equilateral  Hyper¬ 
bola,  whofe  Center  is  A,  ^c.  The  two  Triangles  alfo 
that  are  right-angled,  CIS,  CD€^,  mufi  be  demonflra- 
ted  to  be  Similar  becaufe  ’tis  not  felf-e vident.  To  that 
end,  take  upon  the  Axe  AD  produced,  the  Line  AV  e- 
qual  to  the  Part  AD,  and  draw  the  right  Line  YC, 
touching  the  Parabolic  Line  ABC,  in  the  Point  C,  by 
Theor,  (^.  Becaufe  by  the  nature  of  the  Parabola  the 
Square  CD  is  equal  to  the  ReCtangle  under  AD,  and  Pa¬ 
rameter,  that  is  to  foy,  the  double  of  DG,  or  to  the 
Rectangle  under  the  fihgle  Line  DG  and  the  double  of 
AD,  that  is  to  fay  the  Line  DV,  you  may  find  by  j  7.  6» 
that  the  three  Lines  DV,  DC,  DG,  are  proportional, 
and  by  6.  6.  that  the  two  Right-angled  Triangles  CDV, 
CDG,  are  equiangular.  Whence  ’tis  eafie  to  conclude, 
that  the  Triangle  GCV  is  right-angled  in  C,  and  by  8.  d, 
that  the  Triangle  CDG  as  well  as  the  Triangle  CIS  is 
fimilar  toit,  confequently  the  two  Triangles  CDG,  CIS^ 
equiangular.  W'htch  wm  to  be  Dcwonflrat&d. 
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I  PROBLEM  XXL 

I  To  weafure  the  Convex  Surface  of  a  right  Cjlinder, 

'T'O  find  the  Area  of  the  Convex  Surface  of  the  right 

Cylinder  ABCD  whofe  Height  AD  or  BC,  let  be  H  rv  *  ^  * 
^  ^^et,and  Circumference  AEBF,  of  its  Bafe  132  Feet,  and  ^ 

)  thgjj.  Produéf  3168  Feet  fquare  will  give  the  Area  of  the 
I  Convex  Surface  of  the  Cylinder  propos’d  ABCD,  whofe 
I  Demonftration  is  evident  by  Theor.  20. 

I  SCHOLIUM. 

If  inftead  of  knowing  the  Circumference  of  the  Bafe 
AEBF,  you  knew  its  Diameter  AB  or  CD,  which  feems 
eafier,  the  Circumference  AEBF  may  be  found  by  TrobL 
6.  and  then  the  Convex  Surface  of  the  Cylinder  by  what 
has  been  taught.  But  to  avoid  the  Bradions  that  may  ' 
happen  in  the  Circumference,  Multiply  ths  Diameter 
by  the  Height  AD^  multiply  the  ProduB:  ^314,  and  divide 
this  fécond  Produbl  by  lOO,  The  Quotient  will  give  the  Sur¬ 
face  fought,  by  Theor,  21.  For  Inftance,  if  the  Diameter 
AB  be  12-  Inches,  and  Height  AB  9  Inches,  the  Pro- 
dud  ofthefe  two  Lines,  12,  9,  will  be  ic8,  which  mul¬ 
tiplied  by  314,  and  the  Produd  33912  divided  by  100, 
gives  339  Inches  Square  for  the  Convex  Surface  of 
the  Cylinder  propos’d  ABCD. 

PROBLEM  II. 

Tomeafurethe  Convex  Surface  of  a  Plight  Cone, 

K 

'T^O  find  the  Area  of  the  Convex  Surface  of  the  Right 
Cone  ABC,  whofe  Side  AC  or  BC,  is  for  Inftance 
42  Feet,  and  the  Circumference  of  the  Bafe  ADBE  112 
Feet  ;  multiply  the  two  Lines  42, 112  together,  and  half  pig,  162* 
the  Produd  4704,  will  give  2352  Feet  Square  for  the 
'  Convex  Surface  of  the  Cone  propos’d  ABC,  by  Theor,  22. 

SCHOLIUM. 

« 

If  the  Diameter  AB  be  given,  and  not  the  Circumfe* 
rence  of  the  Bafe  ADBE,  find  the  Circumference  of  the 
Bafe  ADBE,  by  probl,  6.  and  then  the  Surface  of  the 
Cone,  by  what  has  been  taught  here.  But  to  avoid  the 
Bradions  that  may  happen  in  the  Circumference, 
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multiply  the  Diameter  AB^hy  the  Side  AC, and  then  multiply  j 
that  Produ^  by  157,  and  divide  the  fécond  Produih  by  100,  \ 
the  Quotient  will  give  the  Surface  fought,  hyTheor,  2'^,  ^ 
Thus  if  the  Diameter  AB  is  ^6  Feet,  and  Side  AC  32.  1 
the  Produét  of  the  two  Lines  36,  32,  will  be  1152,  \ 
which  multiplied  by  157,  and  its  Produét.^i  80864.  divi- 
dedbyioo,  the  Quotient  will  give  1 808  Feet,  and  about 
•  '  ‘  *  92  Inches  Square  for  the  Convex  Surface  of  the  Cpnc  pro.j 

pos’d  AljC,  i 

PROBLEM  XXIII.  I 

To'meafure  the  Surface  of  the  Fruflum  of  a.  right  Coms>_ 

Plat.  XIX»  '-pO  find  the  Area  of  the  Coi^vex  Su^faeç  of  the  Fr  uilum,  i 
!%•  165.  of  a  right  Cone  ABCD,  whole  Side  AD  dr  BC  is  21 
Feet,  and  Circumference  of  iès  gfeatefi  Bafe  AEBF  108 
Feet,  and  the  Circumference  of  its  leaft  Bafe  DGCH  7  2 
Feet.  Add  thefe  two  Circumferences  ig8,  72  together, 
and  multiply  their  Sum  180  by  the  Side  12,  and  half  the 
Produft  2160  will  give  1080  Feet  fquare,  for  the  Con¬ 
vex  Surface  qf  the  Figure  propos’d  ABCD,  by  Theor»  24. 

SCHOLIUM, 

#  %  w 

If  infteî^d  of  knowing  the  Circumferences  AEBF, 
DGCH,  you  only  know  their  Diameters  AB,  CD,  the 
Circumferences  AEBF,  DGCH,  may  be  found  by  Frobl. 
6.  and  then  the  Surface  fou-ght,  as  has  been  taught.  But 
to  avoid  the  Fra<5tions  that  may  happen  in  the  Circumfe¬ 
rence,  Add  together  the  two  Diameters  AB,  CD,  for  their 
Sum,  which  multiply^ d  by  157,  <md  the  Froduâ  divided  by 
100,  will  give  the  Surface  fought,  hyTheor,  2^.  Thus  if 
the  greater  Diameter  AB  be  24  Feet,  and  the  lefs  CQ 
18  Feet,  their  Sum  42  multi ply’d  by  the  Side  AD,  fup- 
pofe  12  Feet,  the  Produ<5l  ^04  multiply’d  by  i<57,  gives 
79128,  which  divided  by  icp  gives  791  Feet  40  Inches 
Squaré  for  the  CpnyeV  Surface  of  the  Fruftum  ABCD,  ' 

PROBLEM.  XXIV, 

To  meafure  the  Surface  of  a  Sphere» 


^  ^O  find  the  Surface  of  a  Sphere  ABCD,  whofe  Diame- 
1  r*  X  ter  AC  is  18. Inches,  multiply  the  Diameter  18  by  its 
Circuîîîfcrencfjwhicb  will  be  found  by  ProblX.  to  be  about 
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^6  Inches,  and  the  Prôdu<5t  1077  Inches  Square  will  give 
the  Surfacé  of  the  Sphere  propofed  ABCD,  by  Tlseor*  29. 

Or  which  comès  to  the  fame,  multiply  by  4  the  Area  . 
of  a  great  Circle  of  the  Sphere  A3CD,  which  by  Vrob,  S.  Vlat  XIXé 
w'ill  be  found  to  be  254  Inches  fquare,and  the  Produft 
1017  y4T  fquare  gives  the  Area  of  the  Surface  pro¬ 

pos’d  ABCD. 

Or,  if  you  would  avoid  Frayions,  multiply  the  Square 
524  of  the  Diameter  18,  by  314,  and  dividing  the  Pro- 
duft,  10 1734  by  100,  the  Quotient  wdll  give  1017 
Inches  fquare  for  the  Surface  fought,  as  is  evident,  by 
CoroJ,  3.  Theor,  29. 

SCHOLIUM* 

Inftead  of  lifing  the  Ratio  of  100  tô  314,  make  ufc  of 
1 00000  to  3 14 1 59  in  larger  Calculations,  if  you  would 
have  the  Surface  fought  with  more  exa<fl:nefs  ;  Thus  to 
find  the  Surface  of  the  Earth,  whofe  Diameter  was  found 
by  ProbU  7.  to  be  2292  Leagues,  multiply  the  Square 
5253264  of  the  Diameter  2292  by  31415^,  and  divide 
the  ProduA  i65036o'64976  by  loooooj  the  Quotient 
will  give  about  16503601  Leagues  fquare  for  the  Surface 
fought* 

The  Diameter  of  a  Sphere  may  be  found  by  taking  it 
with  a  Spherical  Compals,  and  applying  it  to  a  Line, 
divide  into  Feet  and  Inches,  CîSic.  But  if  you  find  any 
difficulty,  apply  a  String  round  the  Sphere,  and  that 
String  extended  will  give  the  Circumference,  by  the 
means  of  which,  the  Diameter  may  be  found  by  Probl,  7. 
and  then  the  Surface  by  what  has  been  taught  ;  Or,  find 
by  Probl.  9.  the  Area  of  a  great  Circle  of  the  Sphere, 
and  its  quadruple  will  be  the  Surface  of  the  Sphere,  by 
Theor k  28.  Or,  ufe  this  Rule,  which  has  its  Demonftra- 
tiort.  Multiply  the  Square  of  the  Circumference  by  100, 
ani  divide  the  Produit  by  Thus  if  the  Circumfe¬ 

rence  be  56  Feet,  its  Square  will  be  3136,  which  multi- 
ply’d  by  100,  and  the  Product  313600  divided  by  314, 
gives  998  Feet,  and  104  Inches  fquare,  for  the  Surface 
of  a  Sphere  whofe  Circumference  is  56  Feet, 

^  PROBLEM  XXV. 

To  meafure  the  Surface  of  a  Segment  of  a  Sphere* 

find  the  Area  of  the  Surface  of  the  Segment,  or 
Portion  of  a  Sphere  EFD,  whofe  Arc,  for  inftance, 

EDE 
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EDF  is  100  Degrees,  its  Diameter  AC  being  known, 
X/X.  fuppofe  1 8  Inches,  in  which  cafe  the  Circumference  of  a 
lig.  164.  great  Circle  ABCD,  will  be  found  by  Frobl,  6.  to  be 
56y  Inches,  multiply  this  Circumference  by  the  Verfed 
Sine  DH  ;  which  you  will  find  to  be  about  3^  Inches,  by 
this  Proportion. 


Jls  the  l^adius  •  loocooo 

To  the  verfed  Sine  of  half  the  Arc  EDF  35721 
So  is  the  Semi-diameter  AG  g 

To  the  versed  Sine  DG  ,  3*  3* 


And  the  Produit  will  give  185  Inches  fquare  for 
the  Area  of  the  Segment  propos’d  EFD,  by  Corol.  5. 
Theorem  18. 

Or  find  the  Chord  DE  of  half  the  Arc  EDF,  by  this 
Proportion. 


As  the  Radius  j  00000 

To  the  Sine  of  a  Quarter  of  the  Arc  EDF  42262 
So  is  the  Diameter  AC  18 

To  the  Chord  DE  7.  yi 


Which  will  be  found  to  be  Inches,  and  that  confi- 
dfer’d  as  a  Radius  of  a  Circle  has  for  its  Area,  to  be  found 
by  Probl.  8.  182^^4:1^^^^^  fquare,  which  by  T/îieor.  39. 
is  equal  to  the  Surface  of  the  Portion  of  the 
Sphere  EFD. 

SCHOLIUM. 

To  avoid  Fraitions,  which  negleited  will  caufe  the 
Area 'found  not  to  be  exait.  Multiply  the  Square  324,  of 
the  Diameter  hy  the  Verfed  Sine  35721  of  half  the  Arc 
EDF,  and  multiply  the  Frodubt  11573604,  by  157, /or  a 
fécond  ProduB  1817055328,  which  divided  by  100  times 
the  Radius,  that  is  to  fay,  by  looooooo,  gives  1 8 1  if  J 
Inches  fquare  for  a  pretty  exaB  Area  of  the  Surface  proposed,  , 
EFD.  '  i 

This  Rule  is  very  fit  for  finding  the  Area  of  the  Sur¬ 
face  of  that  Part  of  the  Earth,  which  is  call’d  the  Frigid 
Zone,  terctiinated  by  one  of  the  Polar  Circles,  and  whole 
Arc  is  47  Degrees,  being  double  the  greateft  Declination 
of  the  Sun,  generally  fuppos’d  to  be  23  Degrees  and  30 
Minutes,  becaufe  the  Diameter  of  the  Earth  is  known, 
namely,  2292  Leagues# 
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PROBLEM  XXVI. 

To  weafure  the  Surface  of  a  Zone. 

^T'lS  plain,  that  to  find  the  Surface  of  the  Zone  AEFC, 
bounded  by  the  two  Circumferences  AC,  EF,  whofe 
diftanccs  DADE,  or  DC,  DF,  from  their  common  Pole 
D,  are  known  ;  you  have  no  more  to  do  but  to  find;  by 
Trobl,  25.  the  Surfaces  of  the  two  Portions  of  the  Sphere 
ACD,  EFD,  and  fubtraift  the  lefs  from  the  greater; 
But  ’tis  more  eafily  done  by  multiplying  the  Circumfe¬ 
rence  of  a  great  Circle  of  the  Sphere  by  the  Part  GH  of 
the  common  Axe  GD,  for  then  you  will  have  the  Surface 
of  the  Zone  propos’d  AEFC,  by  Theor,  31.  This  Part 
GH  being  equal  to  the  difference  of  the  Verfed  Sines  of 
the  two  Diftances  DA,  DE,  may  be  eafily  found  by  this 
Proportion, 

As  the  Radius 

To  the  difference  of  the  Verfed  Sims  of  the  D' fiances^ 
DA,  DE, 

So  is  the  Semi-diameter  of  the  Sphere^ 

To  the  Part  GD. 

Thus  if  the  diftance  DE  be  24  Degrees,  and  the  di- 
ftance  DA  36,  and  Diameter  of  the  Sphere  ABCD,  18 
Inches,  the  verfed  Sines  of  the  Arcs  DE,  DA,  will  be 
8646,  19099,  and  their  Difference  will  be  10453,  by 
the  help  of  which  and  the  Diameter  of  the  Sphere,  which 
which  we  fuppos’d  to  be  1 8  Inches,  the  Part  GH  will  be 
found  by  the  foregoing  Analogy  to  be  11  Twelfths  ©fan 
Inch,  by  which  multiplying  the  Circumference  of  a  great 
Circle  of  the  Sphere  ABCD,  which  by  Probl.  6.  will  be 
found  to  be  56  Inches  and  6  Twelfths  of  an  Inch,  and 
you  will  have  about  51  Inches  fquare  for  the 
Area  fought, 

PROBLEM  XXVIL 

To  meafure  the  Surface  of  a  Spheroid, 

^Qome  of  the  Modern  Geometers  have  given  ûs  Methods, 
^  which  they  take  to  be  Geometrical,  for  meafuring  the 
Surface  of  a  Spheroid  ;  but  lince  thefe  Methods  are  too 
fpcculative,  and  tedfous  in  execution,  I  think  it  better 

to 
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to  rtiew  you  the  Method  that  is  common  among  Surveyors^ 
for  finding  the  Area  of  the  Surface  of  a  Spheroid,  though 
not  pcrfeâly  exaft,  as  I  have  remark’d  in  Thor,  3 
and  ferves  to  meafure  Vaults  and  Oval  Arches, 

To  mcafure  therefore  the  Area  ‘of  the  Surface  of  the 
Spheroid  ABCD,  whofe  greater  Axe  AG,  Jet  be  the 
Tiat  XIX  that  is  to  fay,  that  about  which 

TV  *67  Ellipfe  is  made  to  revolve  for  generating  the  Spheroid. 

Suppofe  the  greater  AÀe  AC  to  be  45  Feet,  and  the  lefie^ 
BD  of  35,  the  Surface  of  a  Sphere  that  has  its  lefs  Axe 
3  $  for  the  Diameter,  will  be  found  by  Probl,  24.  to  be 
^846  Feet,  72  Inches  Square  :  And  as  this  Surface  is  to 
that  of  the  Spheroid,  as  the  lefs  Axe  35,  to  the  greater 
45,  nearly,  multiply  the  Surface  of  the  Sphere  thus  found, 
that  is  to  fay,  3846  Feet,  ahd  72  Inches  Square  by  the 
number  4<5  of  the  great  Axe,  and  divide  the  Produ(5t 
Ï7307S  Feet,  and  72  Inches  Square,  by  the  number  35 
6f  the  Diameter  of  the  lefs  Axe,  you  will  find  4945  Feet^ 
and  5 1  Inches  Square  for  the  Surface  of  the  Spheroid 
propos’d  ABCD. 

SCHOLIUM. 


Becaufo  I  faid  tliis  Problem  is  very  ufeful  for  meafur- 
ing  Oval  Arches,  I  fhall  add  an  eafie  Rule  for  finding  the 
Concave  Surface  of  an  Oval  Arch  fuppofirg  that  Surface 
is  juft  half  a  Spheroid* 

<  Multiply  the  two  Axes  AC^  BV  together,  multiply  that 
ProduH  by  157,  ani  divide  this  Second  ProduB  by  ico,  and 
you '  will  have  the  Surface  fought,  - 

Thus  here  having  fuppos’d  the  greater  Axe  AC  to  be 
45  Feet,  and  the  lefler  BD,  35,  their  Product  1575, 
multiply ’d  by  157,  and  the  fécond  Product  24727$  di¬ 
vided  by  100,  gives  2472  Feet,  108  Inches  fquare,  for 
the  Surface  propos’d. 

PROBLEM  XXVlli. 

_  ,  • 

To  meafure  a  Space  bounded,  by  a  Spiral  Line, 

AP-chlmedes  has  left  us  a  particular  Treatifc  a^ut  thé 
^  Spiral  Line,  which  we  fhall  not  fpeak  of  here,  for 
fear  of  fwelling  the  Book  to  no  purpofe^  besaufe  common 

Suf- 
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Surveyors,  know  nothing  of  it,  much  lefs  how  to  deicribe 
it,  I  ihall  therefore  content  my  felf  with  ihowing  how  to 
meâfüre  the  Space  bounded  by  the  firft  Spiral,  by  thè  help 
of  which,  it  will  be  eafie  to  judge  of  the  Content  of  the 
others,  becaufe  by  Prop»  27.  Archim,  of  Spirals  y  the  Space 
of  a  Second  Spiral  contains  fix  times  that  oPthe  firft,  be¬ 
ing  double  the  Circle  of  the  firft  Revolution,  which  is 
triple  the  firft  Spiral  :  the  Space  of  a  third  Spiral  contains 
twelve  times  that  of  the  firft,  being  double  the  fécond, 
and  quadruple  the  Circle  of  the  firft  Revolution,  or  equal 
to  the  Circle  of  the  fécond  Revolution:  The  fpace  of  a 
fourth  Spiral  contain  eighteen  times  that  of  the  firft,  be¬ 
ing  triple  that  of  the  fécond  and  fextuple  the  Circle  of  the 
firft  Revolution,  and  fo  on, 

*  ... 

Thus  if  the  Line  AD,  anfwering  to  the  firft  Spirit 
ABCD,  and  for  that  reafbn  call’d  a  Line  of  the  firft  Re-, 
volution  be  1 2  Feet,  in  which  cafe  the  Diameter  of  the 
Circle  DIKL,  calf  d  the  Circle  of  the  firft  Revolution  will 
be  24  Feet  ;  The  Area  of  the  Circle  of  the  firft  Revo^ 
iution  will  be  found  by  Probl,  8.  to  be  about  452  Feet 
fquare,  a  third  of  which,  151  Feet  Square,  gives  the  Area 
of  the  firft  Spiral  Plane  ABCD,  whole  Sextuple  904 
Feet  fquare  gives  the  Content  of  the  fécond  Spiral  Spac« 
ABCDEFGH,  STc. 
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PART  IV. 

O  F 

STEREOMETRY. 

y 

y 

f  .  s 

Stereometry,  teaches  hmv  to  meafure  Soi 
lids  or  Bodies»'  And  as  in  Planimetry  Planes  were 
meafured  by  led’er  Planes,  lb  in  Stereometry  Solids  are 
\  meafured  by  lefer  ones,  generally  Cubes,  fornetime# 
Reélangled  Parallelopipeds  whofe  Length  exceeds  theit 
Breadth  ;  But  the  right  Angle  is  always  retainMj  be-  ■ 
èaufe  Tis  always  invariable,  certain,  and  The  only  one  in - 
its  kind^  and  beddes  moft  Commodious  and  proper. 

The  Number  of  the  Cubes  contain’d  in  a  Solid  is  foun^t 
fey  Multiplication,  becaufe  ’tis  conceiv’d  equal  to  a  Rcét- . 
angled  Parallelopiped,  whofe  Solidity  is  found  by  mûlti— 
plying  two  of  its  Dinienfions  together  for  the  Area  of  ’ 
one  of  its  Faces,  which  may  be  look’d  upon  as  the  Bafe  : 

'  of  the  Solid,  and  multiplying  that  Bale  by  the  Height,, 

'  that  is  to  fiy,  by  its  third  Dimendon. 

XIX,  Thus  in  the  Right-angled  Parallelopiped  ABCDEF,, 
1 66.  multiply  its  Length  AB,  fuppofe  6  Fathoms,  by  itsf 
Breadth  BC  2  Fathoms,  you  v/ill  have  12  Square  Fa-- 
thorns  for  its  Bafe  ABC,  which  iliultiply’d  by  the  Heights 
CP  g  Fathoms,  gives  36  Cubic  Fathoms  for  the  Solidity 
of  this^Pafalleldpiped,  which  are  produc’d  by  the  in— 
terfeftion  of  certain  Planes  drawn  through  the  dividonss 
of  the  oppodte  Sides. 

Whence  it  follows,  that  dnce  a  Fathom  in  Length  con-j 
tains  6  Feet  in  Length,  a  Cubic  Fathém  mufi  contain! 
216  Cubic  Feet.  For  multiplying  6  by  6  you  have  36: 
Feet  Square,  for  a  Square  Fathom,  which  may  be  taken^ 
for  the  Bafe  of  a  Cubic  Fathom,  and  ifiultiplying  that  I 
Bafe  36  again  by  6,  the  Height  of  a  Cubic  Fathom,  youL 
will  have  216  Cubic  Feet  for  the  Value  of  a  Cubie^ 
Fathoni* 

You  niay  dnd  by  the  fame  method,  that  a  Foot  long, 
containing  12  Inches  long,  a  Cubic  Foot  contains  172S'; 
Cubic  Inches,  &c.  Thtrs^- 
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Therefore  when  Cubic  Fathoms  are  to  be  reduc'd  into 
Cubic  Feet,  inftead  of  multiplying  them  by  6,  you  mufl 
multiply  them  by  216.  Thus  if  the  Solidity  ot  the  Pa- 
irallelopiped  ABÇDEF  be  36  Cubic  Fathoms,  and  you 
would  know  how  many  Cubic  Fe.“t  they  contain,  multi¬ 
ply  them  by  216^  and  the  Produét  gives  7776  Cubic 
Feet  for  the  Solidity  of  the  Parallelopiped  ABCDEF. 

On  the  contrary,  when  Cubic  Feet  are  to  be  reduced 
into  Cubic  Fathoms,inftead  of  dividing  them  by  6,divide 
by  216.  Andfoby  the  reft. 

I  faid*  Solids  are  foiiietimes  meafured  by  right  angled 
Parallelopipeds,  whofe  Length  exceeds  tneir  Breadth  , 
this  is  done  principally  for  the  eafe  of  Calculation,  when 
different  kinds  are  to  be  multiply'd  :  And  then  à  Foot 
vf  a  Cubic  Fathom  is  a  Right-angled  Parallelopiped,  con¬ 
taining  35  Cubic  Feet,  as  a  Fathom  Square  contains  35 
Feet  Square,  this  folid  Re(ftangle  is  fubftituted  in  Pra- 
éfice  inftead  of  a  Cubic  Fathom,  which  is  216  Cubic  Feet^ 
and  is  call’d  a  Foot  of  a  Cubic  Fathom^  becaufe  it  has  a 
Foot  for  its  Height,  and  a  Square  Fathom  ior  its  Bafe. 

In  like  manner  an  Inch  of  a  Cubic  Foot  y  is  a  Right- 
angled  Solid,  that  contains  144  Cubic  Inches,  as  a  Foot  ' 
Square  contains  144  fquare  Inches,  this  Solid  being  fub¬ 
ftituted  in  Pradfcife,  inftead  of  a  Cubic  Inch  containing 
1728  Cubic  Inches,  and  ’tis  call’d  an  Inch  of  a  Cubic  Foot,, 
becaufe  it  has  an  Inch  for  its  Height,  and  a  Foot  ,  Square 
for  its  Bafe. 

Thus  alfo  a  Right-angled  Solid  whofe  Height  is  an 
Inch,  and  Bafe  a  fquare  Fathom  equal  to  5184  Inches 
fquare,  is  call’d  an  Inch  of  a  Cubic  Fathom^  becaufe  a  Fa¬ 
thom  long  contains  72  Inches  long,  whole  Solidity  is  con- 
fequently  5184  Cubic  Inches. 

Hence  in  meafuring  ^tis  ufually  faid,  that  fquare  Fa-’ 
thorns  multiply'd  by  long  Fathoms,  produce  Cubic.  Fa^ 
thorns  :  and  that  fquare  Feet  multi ply’d  by  long  Feet 
produce  Cubic  Feet  :  And  fo  of  the  reft.  But  fquare 
Fathoms  multiply’d  by  long  Feet  produce  Feet  of  a  Cubic 
Fathom  :  and  fo  Feet  fquare  multiply’d  by  Inches  long 
produce  Inches  of  a  CubÏQ  Foou 
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CHAPTER,  1/ 

\ 

WE  fhall  do  here,  as  we  did  in  Trigonometry  and 
Planimetry,  place  the  Theory  firft,  and  the  Pra¬ 
ctical  Part  next,  difengag’d  from  it,  that  it  may  be 
more  eafily  taken  up,  and  being  founded  on  the  Theorems . 
that  go  before  it,  may  pleafe  with  its  Evidence,  botà  i 
fuch  as  are  more  and  fuch  as  are  lefs  expert. 

THEOREM  V 

The  SoUdzty  of  a  Sphere  is  the  third  of  that  of  a  Vrifm^  ha?  > 
ving  for  its  Bafe  a  Plane  equal  to  the  Surface  of  the 
Sphere  y  and  its  Height  equal  to  the  Radius  of  the  fame  ' 
Sphere, 

I  Say  the  Sptotr  ABCD  is  equal  to  the  third  part  of  a . 

Prifîii,  for  Inftance  of  the  Cylinder  AEFG,  whole; 
Height  AE  or  EG  is  equal  to  the  Radius  AE  or  EC  off 
thé  Sphere,  and  Bafe  AHGI  is  a  Cirtte  equal  to  the  Sur- . 
face  of  the  Sphere,  whole  Diameter  AG  is  by  confequence  ; 
double  the  Diaitietcr  AC  of  the  Tame  Sphere, 

DEMONS  t  RATION. 

Imagine  the  Surface  of  the  Sphere  divided  into  afn 
nite  number  of  equaT  parts,  and  they  maybe  taken  fbt' 
equal  Planes,  and  Bafes  of  as  many  Cones,  whofe  Ver-- 
téxes  hficet  in  the  Center  E  of  the  Sphere,  and  common  1 
Hdght  is'  confequently  equal  to  the  Radius  ER  of  ÉL  off 
thé  fame'  Sphere. 

Whenfe"  Tis  eafy  to  conclude,  that  as  by  lO.  13^  one  of  ■' 
thefe  Coties  is  equal  td  a  third  of  a  Prifm  of  the  Tame 
Bafe  and  Height,  the  Sphere  ABÇD  alfo  is  equal  to  a  ( 
third  Part  of  a  Prifm,  whofe  Bafe  is  the  funi  of  all  thé  ; 
Bafes  of  the  Cones,  that  is  to  fay,  to  the  Surface  of  the 
Sphere,  and  Height  is  the  Radius  of  the  fame  Sphere;  • 
Wbhh  was  to  be  demonflrated* 
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SCHOLIUM, 

»  After  thç  f^me  manner  it  may  he  demonftrated,  th’t 
a  Sector  of  a  Sphere,  for  inftance,  RELB  is  equal  to  the 
third  part  oF  ,a  Prifm,  .that  has  for  its  Bafe  the  Surface 
RBL,  that  içrves  for  a  Bafe  to  the  Prifm  too^  and  the 
Radius  pfthe  Sphere  ER  or  EL,  the  Side  of  theSeélor,^ 
for  its  Height  :  And  feeing  a  Prifm  is  triple®  a  Pyramid 
of  the  fame  Bafe  and  Height,  it  follows,  that  a  Sphere  is 
equal  to  a  Cone,  whofe  Height  is  equal  to  the  Radius  of  *■ 

the  Sphere,  ane  Bafe  is  a  Circle,  whofe  Diameter  is  dou¬ 
ble  that  of  a  Sphere  :  And  that  a  Sector  of  a  Sphere  ist 
equal  to  â  Cone,  whofe  Height  is  equal  to  the  Radius  of 
the  Sphere,  and  the  pafs  a  Circle,  whofe  Radius  is  equal 
to  the  Chord  of  half  the  Arc  of  the  Seélor,  becaufe  the 
Circle  is  equal  to  the  Soheric  Superficies  that  ferves  fpx 
the  Bale  of  the  Seefipr  of  the  Sphere^ 

T  H  E  O  R  E  M.  IL  ^ 

The  Solidity  oj  the  Sphere  is  to  that  of  the  Cube  of  its  Dia- 
meter 3  ^  157  to '100  nearly, 

■  T  Say  the  Solidity  of  the  Sphere  ABCD  is  to  that  of  the 
•*’  Cube  of  its  Diameter  AC  as  157  to  300  nearly,  that 
i  il  to  fay,  if  the  Cube  of  thç  Diameter  AC  contain’d,  for  '7^? 
\  inftance,  300  Cubic  Feet,  the  Sphere  ABCD  will  contain 
about  157. 

DEMONSTRATION. 

If  you  fuppofe  the  Diameter  AC  to  be  30  Feet,  the 
1  Surface  of  the  Sphere  ABCD,  Osr  Area  of  the  Bafe  AHGI, 

'  will  be  found  by  Probl,  2.  Chap^  2.  Part  3.  to  be  2826 
ij  Feet  fquare,  which  multiply’d  by  the  Height  AB,  115 
,1  Feet,  gives  42390  Cubic  Fçet,  for  the  Solidity  of  the 

>  Cylinder  AEFG,  whiçh  beipg  triple  the  Sphere  ABCD, 

"  by  Theor.  1.  the  third  part  of  this  PrQdLU(ft:  42  3  90,  will  give 

I41 30  Cubic  Feet,  for  the  Solidity  of  the  Sphere  ABCD, 
wnole  Diameter  AC  is  30  Feet,  and  the  Cube  ofthis  Dia- 

>  ameter  confequently  is  27006  Cubic  Feet«  The  Sphere, 
f  therefore  ABCD  is  found  to  be  to  the  Cdbe  of  its  Dia¬ 
meter  AC,  as  14130  is  tc  27000  or  dividing  each  Term 

^  by  90,  as  157  is  300.  Which  was  to  be  derngnjirate^, 

'  ^  ■  'N-3  ■  '  ‘ 


iSa,  A  Treat'ife  of  Geometry. 


THEOREM  Iir. 

Jfa  Plane  cut  a  Sphere  into  two  unequal  Parts,  one  of  them 
will  be  equal  to  a  Cone ^  whofe  Bafe  is  the  fame  with  that 
of  the  Portion  of  the  Sphere,  and  freight  is  compounded  of 
that  of  the  fame  Portion^  and  a  Line  that  is  a  fourth  pro->. 
portional  to  three  others^  the  Height  of  the  other  Portion, 
its  own  Height,  and  the  Radius  of  the  Sphere* 
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ÎSay,  if  the  Plane  AECF  cut  the  Sphere  ABCD,  whofe 
Center  is  G,  and  Diameter  BD,  perpendicular  to. 
the  cutting  Plane  AECF,  and  confequently  to  the  Line 
AC,  in  the  Plane,  into  two  unequal  Parts,  AECB, 
AFCD,  any  one  of  thoie  Portions,  for  Inftance  AECB  is 
equal  to  the  Cone,  AECH,  whole  Bafe  AECF,  is  the 
fame  with  that  of  the  Segment  AECB,  and  Height  HI 
compos’d  of  the  Height  BI,  of  the  fame  Segment  AECB, 
?ind  of  the  Line  BH,  a  fourth  Proportional  to  thefè 
three,  DI,  BI,  or  AG.  Draw  AB,  AD,  CG. 


DEMONSTRATION, 

Becaufe,  by  ConfiruBion,  thefe  Four,  BI,  DI,  BH,  BG, 
are  proportional,  by  Compofition,  BD,  DI,  GH,  BG,will  be 
proportional  alfo;  înfead  of  BD,  HI/  therefore  you  may 
fubftitute,  when  you  pleafe,  GH,  BG,  that  are  in  the 
fame  Ratio  :  And  becaufe  the  Angle  BAD  is  right  by 
31.3.  and  the  Line  AI  perpendicular  to  the  Line  BD, 
the  three  Right-angled  Triangles,  DAI,  DAB,  BAI,  by 
8.  6.  are  equiangular,  and  by  4.  6.  the  three  Lines  BD, 
AD,  DI,  are  proportional  :  Wherefore  by  20. 6.  the  firft 
BD  will  be  to  the  third  DI,  as  the  Square  of  the  firil  BD 
to  the  Square  of  the  fécond  AD,  or  as  the  Square  AB  to 
the  Square  AI,  becaufe  BD,  AD,  AB,  AI,  are  proporti-  ! 
onal,  by  4.  6.  and  if  you  fubftitute'GH,  AG,  inftead  of  ^ 
the  two  frft  Terms  BD,  DI,  being  in  the  fame  Ratio,  j 
you  will  find  the  Line  GH  is  to  the  Line  AG,  as  the  Square 
AB  is  to  the  Square  AI,  or  by  z.  12,  as  the  Circle 
whofe  Radius  is  AB,  is  to  the  Circle  whofe  Radius  is  AI, 
that  is  to  fay,  to  the  Circle  AECF.  Confider  therefore 
the  Circle  ÂB  as  the  Bafe  of  a  Cone  whofe  Height  is  AG, 
and  the  Circle  AEFC,  as  the  Bafe  of  a  Cone  whofe 
Height  is  GH,  and  you  will  find  by  15.  1 1.  that  thefe  two. 
Cones  having  their  Bafes  and  Heights  reciprocal,  are  e-. 
qual,  that  is  to  fay,  tlie  Conç  whofe  Bafe  is  the  Circle 

AECFj 
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A  EC  F,  and  Height  pH,  is  equal  to  the  Cone,'  whofeP/Æ.  XX/o 
Bale  is  the  Circle  AB,  and  Height  AG,  thajtisto  fay,  a  72-’ 

hi  Thor.  I.  to  the  Seàor  AGCB;  And  fince  the  Cone  .  r 
whole  Bale  is  the 'Circle  AECF,  and  Height  GH,  is  e- 
qual  to  the  Sum  HAGC,  of  the  tvyo  Cones  AECH^ 

AFCH,  becaul’e  their  Heights  HI,  Gf,  are  equal  to  the 
Height  GH,  when  taken  together,  and  theBafe  AECF 
is  common  to  the  three  Cones  ;  it  follows,  that  the  whole 
Solid  HAGC  is  equal  to  the  Sector  AGCF,  wherefore 
take  away  from  eafch  of  the  two  equal  Splidsj  the  comr- 
mon  Cone  AFCG,  and  there  will  remain  the  Cope 
AÈCH,  equal  to  the  Segment  AECB,  Which  was  tq  b& 
DemonïtrauL  '  '  •  • 

THEOREM  IV.  -, 


A  Spheroid  is  to  a  Sphere,  rohofe  Viameter  is  equal  to  th& 
^  Axe  of  Circumvolution,  as  the  Square  of  the  other  Atco, 
to  the  Square  of  the  fame  Axe'  of  Circumvolution^ 


I  Say  the  Spheroid  ABCD,  whofe  Axe  of  Circumvolu-t 
tion  is  AC’,  is  to  the  citcumicribed  Sphere  AFCG^ 
whofe  Dianaeter  is  equal  to  the  fame  Axe  of  Circumvo- 
iution  AC,  as  the  Square  of  the  other  Axe  BD^  is  to  the 
Square  of  the  Axe  of  Circumvolution  AC, 


PREPARATION. 


Defcribe  upon  the  Centre  E  of  the  Spheroid,  in  the? 
Plane  of  the  Èllipfe  ABCD,  that  generates  the  Spheroid 
by  its  Revolution  about  the  Axe  of  Circumvolution  AC* 
the  Circle  AFCG  ;  and  draw  any  Line  HIR,  ’in  thp 
Plane  of  that  Circle,  perpendicular  to  the  Axe  of  Circum» 
volution  AC*  ■  • 

i  •  I 


DEMONSTRATION. 

i 

While  the  Semi-Ellipre  revolving  abput  the  Axe  AG 
generates  the  Spheroid  ABCD,  and  the  Semheire^  AFC^ 
the  Sphere  AFCG,  the  Perpendiculars  KH,  Kl,  andar^ 
infinite  number  of  others,  that  may  be  imagined,  pro-^ 
dues  Circles,  whofe  Centers  are  in  the  Axe  of  Revolu¬ 
tion  AC  :  So  that  the  Spheroid  ABCD,  and  Sp^here 
AFCG,  may  be  confidered  as  the.  Sums  of  as  many  In- 
Fhite  Circles,  as'the  other,  and  as  all  the  Infinite  Circles^ 
are  by  2.12.  as  the  Squares  of  their  Radij  KH,  KC 
proportional  to  EF3  EB,  and  confequently  to.  the  tw©^ 
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Axes  AC,  BD,  by  Theor,  16,  Chap,  i.  Tart,  3.  it  fol- 
Tlat*  XXI,  lows  that  all  the  Circles  of  the  Spheroid  ABCD,  or  the 
173»  Spheroid  ABCD,  is  to  the  Sum  of  all  the  Circles  of  the 
Sphere  ACFG,  or  to  the  Sphere  ACFG,  as  the  Square 
of  the  Axe  BD,  to  the  Square  of  the  Axe  AC,  which 
was  to  be  demonflratei, 

THE  E  M  V. 

\A  Spheroid  is  to  the  Solid  under  the  Axe  of  Circuwvoluti^ 
on,  and  Square  of  the  Other  Axe,  as  to  300  nearly. 

^73*  Ï  Spheroid  ABCD,  whofe  Axe  of  Circumvoluti- 

**•  on  is  AC,  is  to  a  Parellelopiped,  whofe  Height  is  e- 
qual  to  the  Axe  of  Circumvolution  AC,  and  Bale  the 
Square  of  the  other  Axe  BD,  as  157  to  300  nearly* 

f  '  • 

D  E  M  O  N  S  T  R.  A  T  i  O  N. 

Becaufe  by  Theor.  4.  the  Spheroid  ABCD  is  to  the 
i/'ii.  /.-‘  Sphere  AFCG,  as  the  fquare  BD  to  the  fquare  AC; 

make  AC,  the  Axe  of  Revolution,  the  cbmmon  Height  of 
the  two  fquares  BD,  AC  confider’d  as  Bafes,  and  you 
will  find  by  32.  ii.  the  Spheroid  ABCD  is  to  the  Sphere 
ACFG,  as  the  Solid  contain’d  under  the  Axe  of  Cir¬ 
cumvolution  AC,  and  fquare  of  the  other  Axe  BD,  is 
to  the  Cube  of-  the  Axe  of  Circumvolution  AC,  and  by 
Permutation,  the  Spheroid  ABCD,  is  to  the  Solid  under 
the  Axe  of  Circumvolution  AC,  and  the  fquare  of  the 
^  other  Axe  BD,  as  the  Sphere  ACFG,  to  the  Cube  AC, 

'  or  by  Theor  2.  as  157  to  300*  which  was  to  be  demo  fir 

firated. 

THEOREM  VI. 


A  Segment  of  a  Spheroid,  whofe  Height  is  a  part  of  the 
Axe  of  Circumvolution  is  to  a  Segment  of  the  cotrejpond- 
ing  Sphere,  as  the  Cone  infer i bed  in  the  Segment  of  the 
r  Spheroid  is  to  the  Cone  inferibed  in  the  Segment  of  the 
Inhere, 


%  173* 


T  fay  the  Segment  of  the  Spheroid  LMA,  whole  Axe  of 
Circumvolution  is  AC,  is  to  the  Segment  of  the  cor- 
refponding  Sphere  NRA,  as  the  Cone  LOMA,  is  to  the 
Cone  NPRA,  the  Height  AS  being  commoj)  to  all  the 
four  Solids. 


) 
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D  E'M  ONSTRATION. 

For  we  have  demonftrated  in  Theor,  4.  that  the  Porti- 
on  of  the  Spheroid  LMA,  is  to  the  correfponding  Porti-  ^73. 
on  of  the  Sphere  NRA,  as  the  fquare  of  the  Axe  BD, 
is  to  the  fquare  of  the  Axe  of  Circumvolution  AC,  or  as 
the  fquare  MS  to  the  fquare  RS,  or  by  2.  12.  as  the  Circle 
LOM,  to  the  Circle  NPR  :  Wherefore  making  AS,  the 
common  Height  of  thefe  two  Circles  confidePd  as  Bales 
of  the  two  Cones,  you  will  find  by  ii.  12.  the  Segment 
LMA,  is  to  the  Segment  NRA,  as  the  Cone  LOMA^ 
to  the  Cone  NPR  A.  Which  v)as  to  be  demonflrated* 

COROLLARY. 

It  follows  from  this  Propofition,  that  the  Segment  of 
the  Spheroid  LMA  is  equal  to  a  Cone,  whofc  Bafe  is  the 
fame  with  that  of  the  Segment,  namely  the  Circle  LOM, 
and  its  Height  is  equal  to  the  Line  AQ^rnade  up  of  the 
Height  AS  of  the  Segment,  and  the  Lins  SQ^a  fourth 
proportional  to  three  others,  the  Height  CS  of  the  oppo- 
nte  Segment,  the  Height  AS  of  the  Segment,  and  the 
Semi-axe  of  Circumvolution  AE,  as  in  the  Sphere,  be- 
caufe  the  Segment  of  the  Sphere  NRA  is  by  Theor,  3.  e- 
qual  to  a  Cone,  whofe  Height  is  the  fame  Line  AQ,  and 
fame  Bafe  with  the  Segment,  namely  the  Circle  NPR. 

Thus  fubftituting  the  Cone  in  the  place  of  the  Segment 
NRA,  you  may  make  it  evident  by  this 

DEMONSTRATION. 

Becaufe  the  Segment  LMA  is  to  the  Segment  NRA,' 
as  the  Cone  LOMA,  is  to  the  Cone  NPR^A,  by  permuta- 
tion,  the  Segment  LMA  will  be  to  the  inferibed  Cone 
LOMA,  as  the  Segment  NRA  is  to  its  inferibed  Cone 
NPRA,  fubftituting  the  preceding  Cone  whofe  Height 
is  the  compound  Line  AQ^  and  Bafe  the  fame  with  thé 
Cone’s  NPRA,  namely  the  Circle  NPR,  inftead  of-the 
Segment  NRA,  and  inftead  of  the  two  laft  Cones  of  equal 
Bafes, their  common  Heights  AQ,  AS,  that  are  in  the  fame 
Ratio,  by  14.  \2,  you  will  find  the  Segment  LMA,  is 
to  its  inferibed  Cone  LOMA,  as  the-Height  AQ,  to  the 
Height  AS,  and  laftly  make  the  Circle  LOM  a  Bafe 
1^  common  to  thofe  two  Lines  çonfider’d  as  the  Heights  of 
^  the  two  Cones,  and  you  will  find  by  14.  12.  the  Segment 
t|  LHA  is  to  the  Cone  LOMA,  as  the  Cone  whofe  Height 
'  ,  ‘  is 
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Tla.  XX?  is  AQ^,  and  Bale  is  the  Circle  LOM,  to  the  Cone  LOMAa 
173.  confequently  the  Spheroid  LMA  is  equal  to  a  Cone, 
whofe  Height  is  that  compound  Line  AQ,  and  Bafe  the 
Circle  LOM,  namely  the  fame  with  that  of  the  Segment^ 
Which  yoas  to  be  demonflrated, 

THEOREM  YII, 

A  Tar  abolie  Conoid  is  equal  to  half  a  Cylinder  of  the  fame 

Bafc  and  Jf eight, 

flat,  XXL  T  parabolic  Conoid,  or  the  Paraboloid  ABCD, 

i%«  174?  generated  by  the  Revolution  of  the  common  Parabola 
ABC,  about  its  Axe  BG,  whofe  Height  is  the  Line  BG, 
and  Bafe  the  Circle  A'DCH,  is  equal  to  half  the  Cylin¬ 
der  AEFCD,  %yhpfe  Bale  is  the  fame  Circle  ADCH, 
and  Height  the  fame-Line  BG, 

DEMONSTRATION, 

If  you  imagine  right  Lines  drawn  perpendicular  to 
the  Axe  BG,  or  parallel  to  the  Bafe  AC  of  the  ParaboL'^ 
ABC,  thro’  all  the  Points  of  the  Height  or  Axe  BG, 
which  I  füppofe  to  be  divided  into  an  infinite  number  qf 
equal  Parts,  all  thefe  infinite  Parallels,  being  Ordinates 
to  the  Axe  BG,  will  deferibe,  by  the  Revoluuon  of  the 
Parabola  ABC,  about  its  Axe  BG,  as  many  parallel  Cir» 
des,  whole  Centers  will  be  in  the  Axe  BG,  and  Diame¬ 
ters  will  be  Parallels  or  Ordinates  :  And  fince  the  Squares 
,  ©f  thefe  Ordinates  or  Diameters  of  the  Circles  are  by  the 

lîature  of  the  common  Parabola  as  the  correfponding 
parts  of  the  Axe  BG,  and  confequently  in  a  continued 
Arithmetic  Proportion,  the  Circles  that  cornpofe  the  Par 
araboloid,  willalfq  be  in  ah  Arithmetic  ProgrelTion.  Thus 
confidering  the  Paraboloid  ABCD,  as  the  fum  of  an  infi- 
aiite  number  of  Circles  in  continued  Arithmetic  Propor-  ? 
tion,  whofe  greateft  is  the  Bafe  ADCH,  you  may  find  1 
i^y  Theor,  1 1,  Chap,  i.  Part  3.  that  the  fum  of  all  the  infi-  1 
aiite  Circles,  or  the  Paraboloid  ABCD,  is  equal  to  half 
thé  greateft  ADCH  multiplied  by  the  Line  BG,  exprefs'-* 
ing  their  number,  that  is  to  fay,  to  half  the  Cylindef 

AEFCD.  Which  tvas  to  be  demonflratei^^  ‘  ' 
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THEOREM  VIII. 

HjpzrhoVic  Conozd generated  hy  the  'R.evoluthn  of  an  Hy- 
perbola  about  its  Axe,  is  equal  to  the  excefs  of  the  Fru- 
fium  of  a  Cone ^  having  for  its  Safe  that  of  the  AJymp- 
totic  Cone^  and  for  its  Height  that  of  the  Conoid,  above 
the  Cylinder  infer ibed  in  the  Afymptotic  Cone,  and  of  the 
fame  height  with  the  Conoid. 

T  fay  that  if  the  Hyperbola  ABC,  and  Ifofceles  Triangle 
FOG,  revolving  about  the  Axe  BE,  of  the  Hyperbola 
ABC,  Avhofe  Center  is  O,  and  Hfymptotes  OF,  OG, 
and  Bafe  AC  perpendicular  to  the  Axe  BE,  generate  the 
Hyperbolic  Conoid  ABCD,  and  Afymptotic  Cone 
OFF  G  by  that  Revolution  ;  the  Conoid  ABCD  is  equal 
to  the  excefs  of  the  Frudum  of  the  Cone  HFPGK, 
whofe  Height  BE  is  the  fame  with  that  of  the  Conoid 
ABCD,  and  whofe  Bafe  FPG  is  the  fame  with  that  of 
the  Afymptotic  Cone  OFPG,  above  the  Cylinder 
HLMNK  oi  the  fame  Height  with  the  Conoid  ABCD. 

PREPARATION. 

Let  fall  from  the  Point  A  in  the  Plane  of  the  Bafe  FPG, 
a  perpendicular  AQ,  to  the  Diameter  FG,  which  being 
a  T-angent  to  the  Circle  ADC  in  A,  32.  3.  will  by 
Fro^'L  17»  Chap.  2.  Fart  be  the  Radius  of  a  Circle  e- 
qual  to  the  Ring  F  ADCGP  bounded  by  the  Circumfe¬ 
rences  of  the  two  Circles  FPG,  ADC,  whofe  common 
Center  is  E,  which  is  alfo  the  Center  of  the  Circle 
LMN,  ferving  for  the  Bafe  of  the  Cylinder  HLMNK. 

Draw  in  the  Circle  HIK,  the  Diameter  HK,  parallel  to 
the  Diameter  FG,  and  it  will  be  a  Tangent  to  the  Hy^ 
perbola  in  the  Vertex  B. 

DEMONSTRATION. 

Becaufe  the  Square  AQ^  is  36.  3.  equal  to  the  Rect¬ 
angle  of  the  Lines  AF,  AG,  that  is  to  fay  by  the  nature 
of  the  Afymptotes,  to  the  fquareof  the  Tangent  BH,  thofe 
two  Lines  AQ^,  BH  will  be  equal,  and  their  Circles  alfo, 
that  is  to  fay  the  Circle  FIIK,  or  LMN  be  equal  to  the 
Circle  whofe  Radius  is  AQ^,  or  the  Ring  FADCGP  : 

W  herefore  the  Bafes  and  Heights  being  equal,  the  Cylin- 
de  r  HLMNK  will  be  equal  to  the  folid  fpace  BKGPFH, 
which  encompalTes  the  Conoid  ABCD;  and  fnee  taking 
%  W‘^Y  that  folid  Space  from  the  Fruflrum  of  the  Cone 

HFPGK 
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y  HFPGK,  you  will  have  the  CoTioid  ABCD  for  the 

cefs,  after  the  fame  manner  taking  away  the  Cylinder 
HLMNR  equal  to  that  folid  Space  BKGPFH  of  the 
fame  Fruftrum  of  a  Cpne  HFPGK,  you  will  have  the 
Hyperbolic  Conoid  ABCD  for  the  excefs,  fVkhf  rv^s  to 
l^e  demonftratei, 

.  I  II  If  ■■  ■■  -  1  ■■■  ■  ■■———■  ■  ■  jiyi  III  II. 

i  ^  ■ 

CHAPTER  IE 

This  chapter  is,  a  Corollary  to  the  former,  whofc 
Theorems  fiirnifh  us  with  fhort  and  eafie  Methods  of 
meafaring  all  forts  of  Solids,  as  you  will  fee  in  the  fol¬ 
lowing  Problems, 

PRQBtEM  h 

■  s  / 

To  jifid  thi  SoHdity  of  a  Prifm., 

TH  É  folidity  of  a  ri^t  or  oblique  Prifm  is  found  by 
multiplying  one  of  its  two  parallel  and  oppofite  Ba- 
fes,  by  its  Height  which  is  a  Line  perpendicular  to  thofe 
Bafes,  which  may  be  meafur’d  by  the  Principles  of  Plani¬ 
metry,  managing  them  as  Triangles,  if  they  be  Trian¬ 
gular  ;  As  a  Polygon,'  if  Polygonal  :  As  a  Circle,  if  Cir¬ 
cular  ;  and  laftly,  as  an  Ellipfe,  if  Elliptical,  as  are  the 
Bafes  of  the  Elliptic  Bafons  of  feveral  Fountains. 

You  have  already  lee n  the  method  of  finding  the  foli¬ 
dity  of  a  Right-angled  Parallelopiped,  and  confequcntly 
of  a  Cube,  in  the  Preface  to  this  Fourth  Part,  fo  that 
there  is  no  peed  of  faying  any  more  here  :  We  lhall  give 
here  Çrft  an  Èjrample  of  a  Triangular  Prifm,  as  ABCDE, 
VI  v/v  '’^hole  Height  AB  we  will  fuppofe  to  be  24  Feet,  thç.  fide 
•  BD  of  its  Bale  BCD  10  Feet,  the  other  fide  CD  17,  ani 
Tÿ.  167.  the  third  fide  BC  21  ;  and  then  the  Area  of  this  Bafe  or 
Triangle  BCD  will  be  found  to  be  84  Feet  fquare,  which 
multiplied  by  the  Height  24,  gives  2016  Cubic  Feet  for 
^he  folidity  of  the  Prifm  propos’d  ABCDE. 

If  you  would  find  the  Solidity  of  the  Hexagonal  Prifm 
Tl.  XXIL  ABCDE,  wbofe  Height  ED  is  fgr  inftance  24  Feet,  and 
17^9  AB'of  its  Bafe  ABCD,  that  I  fuppofe  regular,  8  Feet  5 
multiply  the  Bafe,  which  you  wilTfind  to 'be  166  Feet 
fquare  by  the  Height  24,  and  you  will  baye’ 3,^84  Cubic 
Feet  for  the  Solidity  fought,  ■  ■ 

If 
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îf  you  would  find  the  Content  of  the  Cylinder  p/^fjT/X, 
AEBCD,  whofe  Height  AD  or  BC  is,  for  Example,  24  Fig,  161^ 
Feet,,  and  Diameter  AB  of  its  Bafe  AEBF  25  Feet  4 
multiply  the  Bafe  AEBF,  which  you  find  to  be  493  Feet, 
and  about  90  Inches  fquare,  by  the  Height  AD  or  BC, 
fuppOfed  to  be  24  Feet,  and  you  will  have  1177^  Cubic 
Feet  for  the  Content  of  the  Cylinder  propofed  AEBCD, 

Or  to  avoid  Fraftions  happening  in  the  Bafe,  multiply 
ihe  Square  625  of  the  Diameter  by  the  Height  of  the  Cy- 

Under  24,  and  multiply  the  Product  15COO  byj^t^^  for  a  fé¬ 
cond  Produbt  117750CO,  which  divided  by  a  xooo,  will 
give  as  above,  11775  Cubic  Feet  for  the  Solidity  fought.  Pla.XXIL 

If  you  were  to  find  the  Content  of  the  Elliptic  Bafon  _ 

^ABCD,  wfoofo  Length  AC  B,  for  inftancc  124  Feet,  *  ^ 

Breadth  BD  100,  Depth  AE  6,  multiply  the  Area  of  the 
Bafe,  which  you  will  find  to  be  9734  Feet  fquare,  by  the 
Depth,  fuppdfed  to  be  6  Feet,  and  you  will  have  5  8404 
Cubic  Feet  of  Water  for  the  Content  fought.  ’  ' 

Or  to  avoid  Fractions  in  the  Bafe,  multiply  thé  Length 
124,  the  Breadth  lOO,  and  ihe  Depth  6,  together  for  their 
folid  Content  74400,  which  multiplied  by  and  the  Pro^ 
du£k  584040CO'  divided  by  1000,  will  give  id  the  Quo¬ 
tient  as  before,  58404  Cubic  Feet  for  the  Capacity 
fought. 

SCHOLIUM. 

I  faid  in  Planimetry,  that  When  différent  kinds  of 
Quantities  were  to  be  multiplied  together,  they  were 
ifirft  to  |)e  reduced  into  their  lowed  Species,  and  the  folid 
Content  of  the  Body  propofed  to  be  found  in  them,  and 
then^by  jDivifion  they  may  be  reduced  into  their  higheft 
De|îomiriation  |  as  you  will  fee  in  the  following  Ex¬ 
amples. 

To  find  the  Solidity  of  the  Re<d:angled  Parallelopiped, 
or  Wall  ABCD,wholb  Length  is  CD  8  Fathoms,  4  Feet, 
or  5  2  Feet  ;  Height  BC  2  Fathoms  3  Feet,  or  1 5  Feet  9 
Breadth  AB  2  Feet  ;  multiply  the  2  Feet  of  Breadth 
AB  by  the  Height  15  Feet,  and  the  Produit  30  by  the 
Length  CD  5  2  Feet,'  and  this  fécond  Produit  will  give 
1 560  Cubic  Feet,  which  divided  by  216,  becaufe  a  Cu¬ 
bic  Fathom  contains  216  Cubic  Feet,  gives  7  Cubic 
Fathoms  and  48  Cubic  Feet  for  the  Solidity  of  the  Wall 
propofed  A  BCD. 

If  tue  Length  CD  were  6  Fathoms,  3  Feet,  4  Inches, 
or  472  Incl  es,  the  Height  BC  2  Fathoms,  4  Feet,  9  In¬ 
ches,  or  20il]:^he5,  the  Breadth'  AB,  2  Feet,  8  Inches, 

or 
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TU.XXII.oi'  32  Inches,  multiply  the fe  three  Lines  together  472, 
lig,  17S.  201,  32,  and  then  divide  the  Product  3035^904  Inches 
Cube  by  172S,  becaufe  a  Cubic  Foot  contains  1728 
bic  Inches,  and  the  Quotient  gives  1756  Feet,  and  1536 
Inches  Cube, for  the  Solidity  of  the  Wall  propofed  ABCD* 
And  if  you  divide  the  Cubic  Feet  1756  by  216,  the 
nUinber  of  Cubic  Feet  contained  in  a  Cubic  Fathom,  you 
\viîl  have  the  Solidity  fought  8  Fathoms,  28  Feet,  and 
1536  Inches  Cubic. 

.  Or  to  come  at  the  Fathoms  at  one  Operation,  divide 
the  Cubic  Inches  found  to  be  3035904  by  373248,  the  va¬ 
lue  of  a  Cubic  Fathom  in  Cubic  Feet,  and  the  ^jotient 
will  give  8  Cubic  Fathoms  as  before,  and  the  remainder 
49920  divided  by  1728,  the  value  of  a  Cubic  Foot  in 
Cubic  Inches,  gives  28  Cubic  Feet,  1536  Cubic  Inches 
Remaining  as  before. 

There  are  in  Stereometry,  as  well  as  Planimetry, 
Hiorter  Methods  of  working  ;  but  I  diall  not  fpeak  any 
thing  of  them  here,  becaufe  they  are  mod  of  them  but 
Approximations  to  the  Truth,  and  the  red  too  chargea¬ 
ble  to  the  Memory,  \ 

When  a  right  Prifm  is  propofed  to  be  meafured, 
for  indance  the  preceding  one  ABCD,  ’tis  evident  the 
Side  BC  reprefents  the  Height,  becaufe  Perpendicular  to 
its  Bafe  ABE  ;  But  when  an  oblique  one  is  propofed,  that 
is  to  fay,  w^hen  its  Sides  are  not  parallel  to  the  Bafe  ;  as 
179*  ABCDE,  whofe  Side  A E  is  oblique  to  the  Bale  ABF, 
then  the  Side  AE  can’t  be  taken  tor  the  Height  of  the 
Prifrn,  but  a  right  Line  EF  mud  be  taken  Perpendicu¬ 
lar  to  the  Plane  of  the  Bafe  AEF.  This  remark  will 
hold  in  all  other  Bodies,  that  are  not  right. 

180*  finding  the  Solidity  of  a  Triangular  Prifm  fet  up¬ 
on  one  of  its  Parallelogrammic  Faces,  as  ABCD,  upon 
the  Parallelogram  ABCF,  which  in  this  Cafe  is  confi- 
der’d  as  its  Bafe,  in  rerpe<d:  to  wdiich  the  Height  of  the 
Prifm  will  be  equal  to  the  Height  EG,  of  the  T riangle 
ABE,  reprefenting  the  JProfle,  you  need  not  mul¬ 
tiply  the  Bafe  ABCF,  by  the  Height  EG,  but  only 
by  half  that  Height  for  its  Solidity,  becaufe  when  you 
multiply  it  by  the  entire  Height^  you  find  the  Solidity 
of  a  Prifm  of  the  fame  Bafe  and  Height,  which  by  4e. 
II,  is  double  the  Prifm  propofed  ABCDE,  which  for 
that  reafon  is  call’d  hereafter  a  Semi-prifmy  it  its  Bafe 
be  a  Parallelogram. 

Suppofe  the  Bafe  ABCF  to  be  a  right-angled  Paral¬ 
lelogram,  its  Length  BC  24  Feet,  breadth  AB  14, 
and  confequently  its  Area  336  Feet  fquare,  found  by  mul- 

tiplying 
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tiplying  24.  its  Length  by  14  its  Breadth  :  But  if  yoixPîa.  XXlî^ 
!  fuppofe  the  Side  BE  15  Feet,  and  the  Side  AE  iSo« 

the  Perpendicular  EG  \till  be  found  to  be  12  Feet, 

Kalf  ^hich  x'/\,  6,  multiplied  by  the  Area  336  of  the 
Safe  ABCF,  you  will  have  Soi 6  Cubic  Feet  for  the 
Solidity  of  the  Prifm  ABCDE,  -vVhich  may  be  found 
alfo  by  multiplying  the  Area  of  the  Triangle  ABE, 
v\'hich  you  will  find  to  be  84  Feet  fq^uare,  by  the 
Length  BCj  fuppofed  to  be  24  Feet. 


PROBLEM  ir; 

To  fnd  the  Solidity  of  a  yjminlii 

TO  find  the  Solidity  of  the  Pyramid  ABCD,  whole  p?  WT’ 
Height  ED  for’ indance  is  36  Feet;  and  Side  AB  -cf 
or  BC  of  its  Bafe,  which  I  fuppofe  Square,  iS  Feèt,  ^ 

multiply  the  Bafé  ABC  which  you  will  find  to  be 
^24  Feet  fquare,  by  the  Height  36,  and  divide  the 
Produft  1 1 664  by  3,  and  the  Quotient  will  give  3888 
Cubic  Feet  for  the  Solidity  of  the  Pyramid  propofed 
ABCD  ;  for  by  that  Multiplication,  you  find  the  Con¬ 
tent  of  a  Prifm  of  the  fa m^  Bale  and  Altitude,  and  thae 
is  thrice  the  Pyramid,  hy  12. 

After  the  fame  Manner  you  may  find  the  Solidity  of  rv 
a  Cone,  for  inftance  ABC,  whofe  Height  CO  is  36'^^^* 
Feet,  and'  the  Diameter  AB  of  the  Bafe  ADBE  30 
teet,  in  which  Cafe,  this  Bafe  or  Circle  ADBE  will 
be  found  to  be  706  Feet,  72  Inches  fquare,  which  muL 
tiplied  by  a  third  12  of  the  Height  36,  gives  8478 
Cubic  Feet  for  its  Solidity  of  the  Cone  propofed 
ABC. 

'  To  avoid  FraéEons  in  the  Bafe,  multiply  900  th& 

Square  of  30  and  the  Frodubi  706500  by  12  a 

third  of  ^  36  the  Height^  for  a  fécond  Trodubt  8478000,  ' 
which  divided  by  1000,  gives^  as  before^  8478 
Feet  for  the  Solidity  fought. 
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Plat, XIX.  The  Cones  ufed  in  Praftioe  are  genèralîy  right,  ancf 
iv>.  162,  reprefenting  the  Height,  falls  on  the  Cen- 

’  ter  of  the  Bafe  ;  and  fince  it  fometiines  happens  that 
that  Height  can*t  eahly  be  meafured,  in  this  Cafe  find 
the  Length  of  the  Side  AC,  or  BC,  which  we  will  fup- 
pole  25  Inches,  and  of  the  Semi-diameter  AO,  or  BO, 
Inches,  whofe  Square  22$  fubftradted  from  62$  the 
fquare  of  the  Side  AB,  leaves  400,  whofe  fquare  Root 
20,  is  the  Height  CO  in  Feet,  the  Demonft ration  is  e- 
evident 47.  i, 

P  6.  O  B  L  E  M  lit. 

1 

To  fnd  the  Solidity  of  the  Fruflum  of  a  Pyramid. 

JPIa,  -XX,  O  find  the  Solidity  of  the  Fnifluni  of  a  Pyramid 
Tig*  171.  JL  ABCDEF,  imagine  the  Sides  produced  to  L,  and 
you:  will  have  an  intire  Pyramid  ABLF,  from  which 
take  away  the  Pyramid  HLCE  that  was  added,  and 
there  will  remain  the  Fruftum.  But  to  find  the  Solidi¬ 
ties  of  thefe  two  Pyramids  that  are  right,  fuppole  the 
Bafe  ABGF  to  be  a  Iquare,  whofe  Side  AB  is  for  in- 
Ilance  36  Feet,  and  the  Side  CD  of  the  little  Bale 
*  HCDE,  a  Square  alfo,  8  Feet,  in  which  Cafe  the  little 
Bafe  HCDE  will  be  64  Feet  fquare,  and  the  great  one 
ABGF  1296  Feet  fquare.  Suppofe  the  Height  of  the 
Fruftum  IK  to  be  42  Feet,  by  it,  and  the  given  Sides  of 
each  Bafe  you  may  find  the  Height  LI  of  the  little  Pyra¬ 
mid  HCLE,  by  making  the  following  Analogy,  drawh 
froni  the  Similitude  of  the  two  Triangles  LIE,  LKF,  tSe,. 


As  the  difference  of  the  Sides  AB^  CD.f 
To  the  little  Side^  CJD. 

So  is  the  Height  IK, 

To  the  Height  LI, 


2S 

42 

12 


To  which,  being  found  to  be  12  Feet,  adding  42  Feet 
the  Height  IK, you  will  have  54  Feet  the  greater’s  Heights 
LK,  which  may  alfo  be  found  at  once  by  thiy  Ana- 
bgy. 


I 
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As  the  difference  of  the  Sides  C£>  28  P/<^.  XX. 

To  the  great  Side  AB  36  Fig,  lyi. 

So  is  the  Height  IK  42 

To  the  Height  LK  in  Feet  54 


Multiply  the  great  Bafe  1296  by  a  third  ôf  the  Height 
Lfc  18,  and  you  will  have  23328  Cubic  Feet  for  the  So¬ 
lidity  of  the  great  Pyramid  ABLF  ;  multiply  the  little 
Bafe  64  by  a  third  of  its  Height  4,  and  you  will  have 
2*^6  Cubic  Feet  for  the  Solidity  of  the  little  Pyramid 
HCLE,  which  taken  from  the  Solidity  of  the  greater 
,  ABLF  23328,  will  leave  23072  Cubic  Feet  for  the 
’  Frurtum  of  the  Pyramid  ABCDEF. 

Or  to  avoid  Fraétions  in  the  Heights  LI,  LK,  add  to^ 

I  gether  the  two  Bafes  1296,  64.,  for  their  Sum  1360,  and 

5  multiply  them  together  for  their  Produ£i  82944,  add  its 
\  f^uare.  Root  288  to  the  foregoing  Sum  1360,  this  fécond 
i  Sufn  1648,  multiplied  by  14,  the  third  part  of  the 

i  Height  IK,  gives  20312  Cubic  Feet  fir  the  Solidity  fought, 

c  as  before, 

SCHOLIUM. 

This  Fruftum  of  a  Pyramid  ABCDEF  being  right, 
û  as  they  commonly  are,  its  Solidity  may  be  found,  by 
y  reducing  it  into  a  Prifm  whole  Bafe  is  the  Square 

4  STVX,  equal  to  the  little  Bafe  CDEH  ;  into  four  e- 

II  quai  Semi-prifms,  whofe  Bales  are  the  equal  Reétarigles 

!  YZTS,  MNVT,  VOPX,  QflSX,  in  each  of  which 
?  the  Breadth  is  equal  to  the  Side  of  the  little  Bafe 

i  CDHE,  and  the  Length  is  equal  to  14,  half  28  the  ex* 

cefs  of  36  the  Side  of  the  great  Bafe  ABCD,  above  8 
ji  the  Side  of  the  lefs  CDHE  ;  and  intb  four  equal  Pyra- 
t  mids,  whofe  Vertices  are  at  the  four  Points,  C,  D,  Ë,  H, 

1  and  whofe  Bafes  are  the  four  equal  Squares  BV,  FC^, 

J  RY,  AT,  each  of  which  is  196  Feet  fquare,  becaufe  its 

i  Side  is  l4Feet,  namely  half  the  difference  of  the  two 
1  Sides  AB,  CD. 

If  therefore  you  ihultiply  64  the  Area  of  the  Bale 
i  STVX  of  the  Prifm,  by  42  the  Height,  you  will  have 

5  2688  Cubic  Feet  for  the  Solidity  of  the  Prifm.  If  you 
I  multiply  the  Bafe  ZTSY,  whofe  Area  you  will  find  to 
^  be  1 12  Feet  fquare,  by  21  half  the  Height  42,  you  will 
?  have  2352  Cubic  Feet  for  the  Semi-prifm,  whofe  Bafe  is 
V:  ZTSY,  and  multiplying  this  Solidity  found  2352  by  4, 

3  you  will  have  9408  Cubic  Feet  for  the  four  Semi- 

O  prifms. 
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Tlat.  XXé  prifms.  Laftly,  multiply  the  Bafe  of  one  of  thefe  four 
Jÿ.  171.  Pyramids  which  is  196  Feet  fquare,  by  14  a  third  oP 
the  Height  42,  and  you  will  have  2744  Cubic  Feet  for 
one  Pyramid,  its  Quadruple  will  give  10976  Cubic 
Feet  for  the  four  Pyramids,  thus  adding  together  the  So¬ 
lidities  found,  268S5  94085  119765  of  the  Prifm,  of  the 
four  Semi-prifms,  and  four  Pyramids,  you  will  have 
23072  Cubic  Feet  for  the  Solidity  of  the  Fruftuin  of  the 
,  Pyramid  ABCDEF  as  before. 

P  R  O  B  L  E  M  IV. 

\ 

To  find  the  Solidity  of  the  Fruflum  of  a  Conc^ 


Puu  xm 

Fig,  165. 


\ 


♦ 


TO  find  the  Solidity  of  the  Fruftum  of  a  Cone 
ABCD,  whofe  Height  lO  is,  for  inftance,  15  Feet, 
and  Diameter  AB  of  its  great  Bafe  AEBF,  24  Feet, 
and  Diameter  CD  of  the  little  Bafe  DGCH,  18  Feet, 
in  which  Cafe  the  great  Bafe  will  be  4^2  Feet  fquare, 
and  the  little  one  254  ;  you  may  produce  the  Sides  of 
tlie  Fruftum  of  the  Cone,  as  you  did  in  the  former 
Problem,  and  fo  form  an  intire  Cone  ;  but  yhe  foregoing 
Rule  which  I  ihall  repeat  here,  is  generally  ü fed,  namely. 
Add  together  the  two  Bafes  452,  254,  for  their  Sum 
706,  multiply  them  together  for  their  FroduS:  114808, 
whofe  fqiiare  Root  339  added  to  the  preceding  Sum  706, 
gives  a  fécond  Sum  1045,  which  multiplied  by  the  third 
of  the  Fleight  10^  gives  522^  Cubic  Feet  for  the  Solidity 
of  the  Frujium  of  the  Cone  ABCD. 

Or  to  avoid  the  Fractions  in  the  Bafes,  and  Square 
Root  of  the  Product,  follow  this  other  Rule,  which,  as 
well  as  the  other,  is  eafily  Demonftrated. 

Multiply  the  two  Diameters  18,  together  for  their 
Trodubh  432,  add  it  to  900  the  Sum  of  the  fquares  576,  324 
of  the  fame  Diameters  24,  iS,  for  a  fécond  Sum  13^2, 
multiply  this  by  for  the  Produbh  209 1 24,  which  muhi* 
plied  by  ^  a  third  of  the  Height  lO,  and  522810,  half  the 
Produd:  1045620  divided  by  100,  gives  with  great  accm 
racy^  the  Solidity  fought^  5228  Cubic  Feet» 


IPR 
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PROBLEM  V. 

To  meafurs  a  TaJudated  or  floapng  Body, 

TO  find  the  Solidity  of  a  Taludated  Body,  that  is  to 
fay,  a  Body  broader  on  one  Side  than  the  othe#; 
as  the  Wall  ABCDEF,  which  is  broader  above  than 
below,  its  Bafe  ABCI  being  larger  than  the  upper  Face 
DEFK,  or  Rectangle  GHCI,  its  Orthographic  Plane  by 
the  whole  Reélangle  ABHG,  the  Bafe  of  the  Semi-prifm 
or  TaJud  ABHKF,  whofe  Profile  is  the  Right-angled 
Xriangle  BHR,  as  the  Profile  of  the  Wall  is  the  Trape¬ 
zoid  BCDK  ;  multiply  the  Area  of  the  Right-angled  T  ri- 
kngle  BHK,  by  AB  the  Length  of  the  W  all,  for  the  So¬ 
lidity  of  the  Prifm  ABHKF*?  found  alfoby  multiplying 
the  Bafe  ABHG,  by  half  the  Height  HK.  In  like  manner 
multiply  the  Area  of  the  Reéfangle  GHCI,  by  the  fame 
Height  HK,  or  CD,  for  the  Solidity  of  the  Parallelopi- 
pcd  GHCDEF,  to  which  adding  that  of  the  Talud 
ABHKF,  you  will  have  the  intire  Solidity  of  the  Wall 
propos’d  ABCDEF  ?  eafily  found  alfo  by  multiplying  the 
Area  of  its  Profile  BCDK  by  its  Length  AB. 

Suppofe  the  Length  AB  to  be  48  Feet,  the  Breadth 
BH  of  the  Talud  6  Feet,  the  Height  HK  12  Feet,  and 
DR  4  Feet,  confequently  the  Depth  BC  10  Feet  ;  the  So¬ 
lidity  of  the  Semi-prifin  ABFIKF,  will  be  found  to  be 
1728  Cubic  Feet,  and  that  of  the  Prifm  GHCDE 
2304  Cubic  Feet,  and  the  whole  Wall*  ABCDEF  4032 
Cubic  Feet,  Or  the  Area  of  the  Trapezoid  BCDK, 
which  you  will  find  to  be  84  Feet  fqiiare,  multiply’d  by 
the  Length  A3,  fuppos’d  to  be  48  Feet,  gives,  as  be¬ 
fore,  403  2  for  the  Solidity  fought. 

After  the  fame  manner  you  may  find  the  Solidity  of 
the  Wall  ABCDK,  floap’d  on  both  Sides,  namely,  by  ^ 
adding  to  the  Solidity  of  the  Prifm  FGHDKI,  whole 
Orthographic  Plan  is  the  Reélangle  FGHÎ,  the  Solidity 
of  the  Talud  ABGOÉF,  whofe  Bale  is  the  Reélangle 
ABGF,  and  the  Solidity  alfo  of  the  other  Talud 
IHCDKL,  whofe  Bafe  is  the  Recftangle  IHCL,  and 
profile  the  Triangle  DHC,  Right-angled  in  H.  Or  mul¬ 
tiplying  the  Profile  BCDO  of  the  Wall  by  its  Length  ABs 
Thus  if  AB  the  Length  of  the  Wall  be  48  Feet,  BG 
the  Breadth  of  the  Talud  ABGOEF  6  Feet,  the  Breadth 
CH  of  the  other  Talud  IFICDKL  5  feet,  GO  or  HD 
the  Height  of  the  Wall  12  feet,  and  OD  3  Feet,  confe- 
'tiuently  BC  14  Feet,  the  Solidity  of  the  Talud  or  Senli- 

O  2  '  prifm 


196  A  Treaîife  ^GEOMÈlTRt* 

P/<2.X^//.  prifm  ABGOF  will  be  found  to  be  1728  Cubic  Feet, 

Fig.  1 8 1. that  of  the  other  Talud  IHCDKL  1440  Cubic  Feet, 
and  that  of  the  Right-angled  Parallelopiped  FGHDKI 
1728  Cubic  Inches,  and  the  whole  Wall  4846  Cubic 
Feet,  found  by  multiplying  the  Area  of  the  Profile 
BCDO,  which  you  will  find  to  be  102  Feet  fquare,  by 
tie  Length  AB,  which  we  fuppos’d  to  be  48  Feet. 

When  the  two  Talu'ds  are  joined  together,  as  it  hap¬ 
pens  in  the  Wall  ABCDEFGH,  whofe  two  Taluds 
ABCIHKj  CDEFi  are  join’d  in  the  Point  I  ;  add  in 
like  manner  to  the  Solidity  of  the  Right-angled  Paralle- 
1-opiped  KCMFGH, whofe  Bale  is  the  Rectangle  RCML, 
and  Profile  the  Redangle  CMFI,  or  KLGH,  or  if  you 
will  the  Redangle  KCIH,,  or  LMFG,  the  Solidity  of 
the  Talud  ABCIHR,  whofe  Bale  is  the  Redangle 
ABCK,  and  Profile  the  Triangle  BCI,  Right-angled  in 
C,  for  the  Solidity  of  the  WalT  propos’d  AbCDEFGH^ 

Thus  if  AB,  or  RC,  or  LM  be  24  Feet,  BC,  or  AK 
6  Feet,  CD  or  ME  5  Feet,  DE,  or  CM,  or  KL,  or  GH, 
or  FI  4  Feet,  and  Cl,  or  FM,  or  KH,  or  LG  12  Feet, 
the  Solidity  of  the  Parallelopiped  KCMFGH  will  be 
11^2  Cubic  Feet,  that  of  the  Talud  ABCIHK  of  864 
Cubic  Feet,  and  the  Solidity  of  the  other  Talud  CDEFI, 
120  Cubic  Feet,  fo  that  the  Sum  of  thefe  three  Solidi¬ 
ties  thus  found  1152,  §64,  120,  will  give  313d  Cubic 
Feet  for  the  intire  Solidity  of  the  Wall  propos’d 
ABCDEFGH. 

f/V,  184.  If  of'  thefe  Taluds  thus  joined,  the  one  is  on  one  Side, 
and  the  other  above,  whicn  in  this  Situation  is  called  the 
Glacis^  as  it  happens  in  the  Body  ABCDEF,  which  has 
before  the  Talud  AGHEIF,  whofe  Bafe  is  the  Redan¬ 
gle  F  AGI,  and  the  Profile  the  Triangle  AGH  Pvight- 
angled  in  G  ;  and  above  the  Glacis  EHRCDL,  whofe 
Bale  is  the  Red-angle  EFIRL,  and  the  Profile  the 
Triangle  HRC  Right-angled  in  K  ;  add  as  before,  to 
the  Solidity  of  the  Right-angled  Parallelopiped  IGBRLE, 
whofe  Bafe  is  the  Redangle  IGBM,  the  Solidities  of  the  1 
Talud  FAGHEI,  and  of  the  Glacis  EHRCDLE,  for  i 
the  intire  Solidity  of  the  Body  propos’d  ABCDEF, 
found  by  multiplying  its  Profile  ABCH  by  its  Length 
AF. 

Thus  if  AF  be  a  24  Feet,  AG  4,  BG  6,  BK  8,  and 
RC  4,  the  Solidity  of  thè  Parallelopiped  IGBRLE  will 
be  iï'52  Cubic  Feet,  that  of  the  Talud  AGHEIF  384 
Cubic  Feet,  and  that  of  the  Glacis  EHRCDL  360 
Cubic  Feet,  and  thefe  three  Solidities  1152,  384,  ' 
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360,  added  together  give  18,96  Cubic  Feetfbr  the  Soli¬ 
dity  fought. 

If  the  two  Taluds  that  join,  belong  to  two  Wells  floap-  TU  XXIIf» 
ing  outwards,  as  the  two  Walls  ABCL,  AFDL  are, 
that  I  fappofe  to  bepf  an  equal  Height,  and  whofe  Bafes 
are  the  two  Trapezoids  BMNB,  AMGF,  the  Profiles  are 
the  two  Trapezoids  ENCR,  DEFG,  and  the  two  ex¬ 
ternal  Taluds  are  AIORQB,  AIOEPF,  whofe  Bafes  are 
the  Trapezeids  AIQB,  AIPF,  and  thé  two  Right-angled 
Triangles  BQR,  EPF  are  their  Profils,  let  fall  from  the 
Angle  at  the  Bafe  of  each  Talud,  the  two  Lines  IK,  IH, 
Perpendicular  to  AB,  AF,  and  join  the  right  Lines  OK, 

OH,  and  then  each  Wall /will  be  reduc’d  into  a  Prifm 
and  Semi-prifm,  namely,  the  Wall  ABCL,  into  a  Prifm,. 
IQRCLO,  whofe  Bafe  is  the  Trapezoid  IQNM,  and 
Profile  the  Reârangle  QRCN,  or  lOLM,  and  into  the 
Semi-prifm  KIORQB,  whofe  Bafe  is  the  Rectangle 
I^IQB,  and  Profile  the  Triangle  BQR  right-angled  in 
C^,  or  the  Triangle  KIO,  right  angled  in  I  :  And  in 
like  manner  the  Wall  AFDL,  into  the  Prifm  IMLDEP, 
whofe  Bafe  is  the  Trapezoid  IMGP,  and  Profile  the  , 
ReAangle  PGDE,  or  IMLO  ;  and  into  the  Semi-prifm 
HIOEPF,  whofe  Bafe  is  the  Rectangle  HIPF,  and  Pro-, 
file  is  the  Triangle  FPE,  right-angled  in  P,  or  the  Tri¬ 
angle  HIO,  right-angled  in  I.  If  therefore  you  add  to? 
gethp  the  Solidities  of  the  two  Prifms  and  Semi-prifms, 
and  befides,  the  Solidity  of  the  Pyramid  AHOK,  whofe 
Bafe  is  the  Quadrilateral  Figure  AHIK,  and  Vertex 
SLt  the  Angle  O,  called  the  Saillant  AngUy  becaufe  it  jqtts  , 
or  terminates  outwards,  and  you  will  h^ye  the  Solidity  of 
the  two  Walls  propos’d  ABCL,  AFDL, 

Siippofe  the  two  Walls  ABCL,  AFDL  equal,  and  the 
Length  AB  40  Feet, -IQ^  30,  MN  25,  QR  8,  and’BQ^ 

6  ;  in  which  cafe  AK  will  be  10  Feet,  and  QN  3  The 
Area  of  the  Trapezoid  IMNQ^  will  be  82  Feet  and  7? 

Inches  fquare,  and  the  Solidity  of  the  Prifm  IQRCLO 
660  Cubic  Feet,  and  the  Area  of  the  Reftangle  KIQ^ 

180  Feet  fquaire,  and  the  Solidity  of  the  Semi-prifm 
KBQROI  720  Cubic  Feet,  and  thp  Sum  of  thefe  two 
Solidities  focfnd  660,  720,  is  1380,  whofe  double  will 
give  2760  Cubic  Feet  for  the  Sum  of  the  Prifm,  and 
Semi-prifms  found  in  the  two  Walls,  to  which  add  the 
Solidity  of  the  Pyramid  OKAH,  whiçh  ypu  will  find 
to  be  160  Cubic  Feet,  its  Bafe  AHIK  being  60  Feet 
fquare,  and  you  will  have  ip  all  2920  Cubic  Feet  for 
the  Solidities  of  the  two  Walls  ABCL,  AFDL. 
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PL  XXIII,  If  the  two  Taluds  that  are  join’d  to  one  another,  be- 
long  to  two  Walls  floap’d  inwards,  as  it  happens  in  the 
two  Walls  ABCDER,  AGNFER,  that  I  fuppofe  of  e;- 
qual  Heights,  whofe  Safes  are  the  two  Trapezoids 
ABCR,  AGNR,  the  common  Profle  the  Trapezoid 
BCDS;  becaufe  I  fuppofe  the  Walls  are  equally  broad  at 
Top  and  at  Bottom,  and  the  two  interior  Taluds  are 
AOSQB,  AOTPG,  whofe  Bafes  are  thé  Trapezoids 
ABQI,  AGPÏ,  and  the  common  Profile  the  Triangle  BQS 
right-angled  in  Q  ;  let  fall  from  the  Angle  A, called  the 
trant  Angle^  becaufe  it  enters  within,  on  the  Bafe  of  each 
Talud,  the  two  Lines  AH,  AK,  perpendicular  to  IP,  IQ, 
and  on  the  Vertical  Face  of  each  Prifm,  thro’  the  Points 
H,  K,  the  two  Lines  HM,  RL,  perpendicular  to  TP, 
IQ,  or  AH,  AK,  and  dr^w  the  right  Lines  AL,  AM, 
and  they  will  form  two  Pyramids,  whofe  Heights  are 
the  Perpendiculars  AH,  AK,  and  Bafes  the  Redangles 
ÏOMH,  lOLK,  and  common  Vertex  the  Point  A.  Thus 
the  two  Walls  propos’d  ABODE,  AGNFE,  are  found 
reduc’d  into  two  Prifms  QDSLK,  PFTMOEL,  or  a  fin- 
gle  one  whofe  Bafe  is  the  Plane  PNRCQIP,  and  Pleight 
CD,  or  QS  ;  into  two  Semi-prifms,  namely,  BQSLKA, 
whofe  Bafe  is  the  Redangle  AKQB,  and  Profile  the 
Triangle  BQS  right-angled  in  Q,  and  the  Plane 
PFTMHA,  whofe  Bafe  is  the  redangle  AGPH,  and 
Profil  the  T riangle  AHM  right-angled  in  M  ;  and  into 
two  Pyramids  AIOLKA,  AIOMHA  :  confequently  add' 
together  all  thefe  Solidities,  and  you  will  have  the  Soli¬ 
dity  of  the  two  Walls  propos’d  ABODE,  AGNFE. 

Suppofe,  as  before,  the  two  Walls  ABODE,  AGNFE 
«quai,  and  the  length  AB  40  Feet,  IQ  50,  RC  55,  BQ 
6,  CD  8,  in  which  cafe  QC  will  be  3,  and  IK  10  :  The 
Plane  PNRCQI  3 1  «5  Feet  fquare,  and  its  P-rifm 
PIQCDEF  2$ 20  Cubic  Feet;  the  Semi-prifm  ABqSLK 
960  Cubic  Feet,  and  the  Pyramid  AIOLKA  160  Cubic 
Fêet,  whofe  double  3,20  added  to  1920,  the  double  of 
the  former  Solid  960,  and  the  Sum  2240  added  to  the 
former  Solid  2520,  will  give  in  all  4760  Cubic  Feet  for 
the  Solidity  of  the  two  Walls  propos'd  ABODE, 
AGNEF. 

SCHOLIUM, 

îiç,  188.  From  what  has  been  faid,  you  may  eafily  find  the  Solir 
“  '  dity  of  two  or  more  Walls  join’d  together,  and  fioaping 

%vithin  and  without:  But  when  they  have  the  Height, 
and  internal  and  external  Talud  equal,  and  make  equal 
Angles,  their  S^)lidity  may  be  found  at  once,  multiply- 
”  '  •  ing 
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ing  their  Profile  as  ABCD,  reprefentîng  the  Bafe  by  a 
Line  drawn  thro’  the  middle  of  the  Plane  that  lerves  for 
a  Bafe,  that  right  Line  being  confider’d  as  the  Height  of 
a  Prifm  compos’d  of  all  thofe  W alls. 

’Tis  eafie  by  the  fame  Principles  to  find  the  Solidity  ofpj^  XXIV 
a  Rampart,  and  other  Parts  of  a  Fortification  :  For  in-  '  o 
fiance,  to  find  the  Solidity  of  the  Rampart  of  a  Fortified  ^ 
Polygon,  where  AB  reprefents  half  the  Courtine,  BC  the  o 
Flank  of  the  Baftion,  fuppofed  Perpendicular  to  the 
Courtine  for  the  cafe  of  Calculation,  and  CD  the  Face 
of  the  Baftion,  terminated  at  the  Point  D,  by  the  Capi¬ 
tal  Line  HM,  terminating  the  Line  GH  of  the  internal 
Talud,  parallel  to  the  Line  EF  of  the  Rampart,  and  the 
Line  IRLM  of  the  external  Talud  following  parallelwifc 
the  Line  ABCD  of  the  former  Draught  :  So  that  the 
Figure  GIKLMH  reprefents  the  Plan  of  a,  Semi-cour- 
tine,  and  Semi-baftion,  or  the  Line  AE  reprefents  the 
Breadth  of  the  Rampart  above,  that  is  to  fayjthe  Breadth 
of  the  Terre-plain,  fuppofe  12  Fathom  or  72  Feet  ;The 
Line  EG  reprefents  the  quantity  of  the  internal  Talud 
18  Feet;  and  the  Line  AI  reprefents  the  quantity  of 
the  external  Talud,  forinftance  12  Feet,  The  Height 
of  the  Rampart  we  fliall  fuppofe  18  Feet,  as  you  fee  in 
the  Profile,  which  fhewsthe  Rampart  is  above  102  Feet 
broad  below,  without  troLibling  our  felves  at  prefent 
whether  thofe  Suppofitions  are  intirely  agreeable  to  the 
Maxims  of  a  good  Fortification. 

To  find  the  Solidity  of  this  Quantity  of  Earth,  and 
firft  that  of  the  Prifm  contain’d  between  the  two  Taluds, 
and  whofe  Bale  is  the  Plane  ABCDEF  ;  firft  find  the 
Surface  of  this  PIane,reducing  it  into  a  Trapezoid  AEFT, 
by  the  Line;  BA  produc’d  into  the  Right-angled  Tri¬ 
angle  BCT  ;  and  Oblique-angled  Triangle  CTl5,  by  the 
Diagonal  CT. 

Multiply  the  Sum  720  of  the  Line  EF,  found  to  be  a- 
bout  344  Feet,  and  the  Line  AT  376  Feet,  by  the  Line 
AE  fuppofed  to  be  72  Feet,  and  half  the  Produft  184Q 
will  give  2^920  Feet  fquare  for  the  Area  of  the  Trapezo-r 
id  AEFT,  Multiply  the  Line  BT,  found  about  160  Feet, 
by  the  Line  BC,  fuppofed  to  be  120  Feet,  and  half  the 
Product  192000  will  give  9600  Feet  fquare  for  the  Area 
of  the  Right-angled  Triangle  BCT.  Then  multiply  the 
Face  CD,  which  will  be  found  to  be  2fO  Feet,  by  its 
perpendicular  TV  160  Feet,  and  half  the  Produél  43200 
will  give  2i6co  Feet  fquare  for  the  Area  of  the  Oblique^ 
an-rled  Triangle  CTD.'  Add  thefe  three  Areas  thus  found 
25^20,  19200,  2 ’600,  and  you  will  have  ^6700  Feet 
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■P/.  XXIV,  fquare  for  the  Plane  ABCDEF,  which  multiplied  by  the 
Fig,  189.  Height  of  the  Rampart,  fuppofcd  to  be  18  Feet,  will 
give  1 200600  Cubic  Feet  for  the  Solidity  of  the  inter¬ 
nal  Prifm  bounded  by  the  two  Taluds,  and  plac’d  on  the 
Safe  ABCDFE. 

To  find  the  Solidity  of  the  Taluds,  reduce  them  to 
Semi-prifms  and  Pyramids,  by  letting  fall  from  the  An- 
^  gles  of  their  Bafes  perpendiculars  between  the  two  paral¬ 
lel  Sides,  namely  HO,  DN,  CP,  CQ,  KR,  KS  :  And 
the  internal  Talud,  whofe  Bafe  is  the  Trapezoid  GEFH, 
Avill  be  found  divided  into  a  Prirm,whore  Bafe  is  the  Reft- 
angle  GEOH,and  Height  the  fame  with  that  of  the  Ram¬ 
part,  and  in  to  a  Pyramid  whofe  Vertex  isH,  and  Height 
the  perpendicular  HO,  and  Bafe  a  Reiftangle,  whofe 
breadth  is  the  Line  OF,and  length  equal  to  the  Height  of 
the  Rampart  :  And  the  external  Talud  you  will  find  divid* 
ed  into  three  Semi-prifms,  whofe  common  Height  is  the 
fame  as  the  Ramparts,  and  the  Bafes  the  three  Re£lan- 
gles  AR,  CK,  CN,  and  into  three  Pyramids,  two  of 
which  have  their  Vertices'  upwards,  confequently  have 
the  Height  of  the  Rampart  for  the  common  Height,  and 
their  Bafes  the  Right-angled  Triangle  DNM,  and  the 
Qiiadrilateral  Figure  CPLCT;  and  the  third  is  taken  for 
one,  that  has  the  fame  Height  as  the  Rampart,  and  the 
Square  KRBS  for  a  Bafe,  becaufe  fo  fmall  a  part  is  in- 
confiderable  :  But  in  Geometrical  rigor,  inftead  of  this 
Pyramid  you  ought  to  take  the  double  of  another,  that 
bas  its  Point  below  at  the  Point  K,  the  Perpendicular 
K.R  for  its  Height  ;  and  a  Redangle  for  its  Bafe,  whole 
Breadth  is  the  Line  BR,  and  Length  equal  to  the 
Height  of  the  Rampart. 

Multiply  the  Length  EO,  or  GH,  which  you  vv'ill 
find  about  330  Feet,  by  the  Breadth  EG,  fuppos’d  to 
be  18  Feet,  and  you  will  have  5940  Feet  fquare 
for  the  Area  gf  the  Redangle  GO,  which  being  multî,- 
ply’d  by  9  half  the  Height  of  the  Rampart,  gives  ^3460 
Cubic  Feet  for  the  Solidity  of  the  Semi-prifm,  whofe 
Bafe  is  the  Redangle  GO  :  Multiply  the  Line  OF  found 
to  be  about  14  Feet,  by  the  Height  of  the  Ram¬ 
part,  fuppofed  to  be  18  Feet,  and  the  Produd  252  by  6 
a  third  Part  of  the  Line  HO,  gives  1512  Cubic  Feet 
for  the  Solidity  of  the  Pyramid,  whofe  Vertex  is  H,  and 
Height  HO,  to  which  add  the  Solidity  of  the  foregoing 
Semi-prifm  ^3460,  and  you  will  have  54972  Cubic 
Feet  for  the  Solidity  of  the  internal  Talud. 

Multiply  the  Sum  580  of  the  Line  IK,  that  you  will 
find  about  206  Feet,  of  the  Line  RQ_  109  Feet,  and  of 
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the  Line  PN  1265  Feet,  by  the  common  Breadth  AI,  fap*  TU  XXIV* 
pofed  to  be  12  Feet,  and  you  will  have  <5960  Feet  fquare  189,, 
for  the  Sum  of  the  Areas  of  the  three  ReiSlangles  AK, 

GK,  CN,  which  being  multiply’d  by  9  half  the  Height 
of  the  Rampart,  gives  62640  Cubic  Feet  for  the  Solidi¬ 
ty  of  the  three  Semi-prifms,  whofe  three  Reftangles  AK, 

CK,  CN,  reprefent  the  Bales  :  Then  multiply  26  the 
Sum  of  the  Line  KR  12  Feet,  of  the  Line  QL  8 
Feet,  and  of  6,  h^ilf  the  Line  MN  1 2  Feet,  by  the 
common  Breadth  DN  12  Feet,  and  you  will  have  312 
Feet  fquare  for  the  Sum  of  the  Bafes  of  the  three  Pyra¬ 
mids  contain’d  in  the  external  Talud,  wherefore  multi¬ 
ply  this  Sum  312  by  6  the  third  Part  of  the  Height  of 
the  Rampart  common  to  the  three  Pyramids,  and  you 
will  have  1872  Cubic  Feet  for  the  Solidity  of  thefe  three 
Pyramids,  to  which  add  the  Solidity  of  the  three  Semi- 
prifms  aforemention’d  62640,  and  the  Sum  64512  Cubic 
Feet  is  the  Solidity  of  the  external  Talud. 

Laftly,  add  together  the  three  Solidities  thus  ‘  found, 

1200600,  54972,64.512,  of  the  Prifm  between  the  two 
Taluds,  of  the  external,  and  internal  Talud,  and  you 
will  have  1320084  Cubic  Feet,  or  6111  Cubic  Fathoms, 
and  108  Cubic  Feet  for  the  Solidity  of  the  Part  pf  the 
Rampart  propofed,  whofe  Bafe  is  the  Plane  IKLMHG. 

’Tis  after  this  manner  that  the  Solidity  of  a  Ditch  is 
found,  that  is  of  the  Quantity  of  Earth  dug  up  :  As  alfo 
the  Solidity  of  a  Parapet  and  its  Banquette,  and  the  So* 
iidity  of  the  Efplanade  :  But  for  thefe  three  lall  Bodies, 
that  have  the  oppolite  Lines  of  their  Bafes  parallel,  there 
Ire  ihorter  ways,  but  not  perfeAly  exa(ft,  by  reafon  of 
the  inequality  of  the  Angles,  yet  not  to  be  flighted  ;  and 
one  is  by  multiplying  their  Profil  by  the  Quantity  of  a 
Right  Tine  drawn  thro’  the  middle  of  the  Plane,  that 
ferves  for  a  Bafe,  for  by  this  means  you  will  have  the  So¬ 
lidity  at  once,  without  any  confiderable  Error. 

This  Method  is  of  good  Ufe  in  finding,  by  one  Ope¬ 
ration,  the  Solidity  of  a  Rampart,  with  it  Parapet,  and 
Banquette,  when  the  Baftions  are  Hollow,  which'  one  is 
obliged  to  know,  that  one  may  judge  nearly  of  the  Quan¬ 
tity  of  Earth,  that  muft  be  dug  up  for  making  the  Ram¬ 
part  and  its  Parapet  ;  And  for  finding  the  Solidity  of  the 
Maifonry  made  for  fuftaining  the  Terraffes,  which  one  , 
mud  be  acquinted  with,  to  determine  the  Expence,  and 
in  what  fpace  of  Time  the  Work  may  be  done  by  a  cer¬ 
tain  Number  of  Men,  or  what  Number  of  Men  will 
finifh  it  in  a  determin’d  Time, 
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PROBLEM  VI. 

To  find  the  Solidity  of  a  Sphere  y  the  Diameter  being  given, 

TL  XXlV,  ’^‘1  f  O  find  the  Solidity  of  a  Sphere  ABCD,  its  Dia- 
fig*  1^2»  X  nieter  BD  being  given,  for  inliance  i8  Inches; 

its  Surface  being  found  about  1017  Inches  Square, 
/  multiply  it  by  3  the  fixth  Part  of  its  Diameter  18,  and 

the  Produit  will  give  30') 2  tI-^t  Cubic  Inches  for  the 
Solidity  of  the  Sphere  propofcd  ABCD,  as  is  evident 
from  The  or,  i. 

Or  to  avoid  the  Praitions  that  may  happen  in  finding 
the  Surface  of  the  Sphere,  multiply  5832  the  Cube  of  the 
Diameter  i8,  always  by  1^7,  and  divide  3©‘52o8,  the 
third  Part  of  the  ProduB  915624/')'  100,  and  the  Quotient 
roiU  give  3052  Cubic  Inches  for  the  Solidity  fought  y 
the  Demonftration  is  evident /ro/;?  lAf or.  2. 

PROBLEM  VIL 

To  fnd  the  Solidity  of  a  Sphere^  its  Circumference  be- 

ing  given, 

fig  io2«  TT  ^  Solidity  of  the  Sphere  ABCD,  its  Cir- 

y  •  X  cumference  for  inhance  56  Feet,  being  given  :  find 
its  Diameter  17  Feet  10  Inches,  and  its  Surface  998  Feet, 
104  Inches  fquare,  and  that  multiply’d  by  the  Diameter, 
and  then  divided  by  6,  will  give  2968  Cubic  Feet,  and 
about  733  Cubic  Inches  for  the  Solidity  of  the  Sphere 
propofed  ABCD. 

Or  to  avoid  the  Fraéiions  that  commonly  happen  in 
finding  the  Diameter,  and  Surface  of  the  Sphere,  and 
hinder  the  exaélnefs  of  the  Anfwer,  Multiply  175616  the 
Cube  0/56  the  Circumference^  by  loooo,  and  divide  the 
ProduB  17560000  by  592175,  and  the  Quotient  will  give 
2965  Cubic  Feety  and  636  Cubic  Inches  for  the  Solidity 
fought. 
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i  PROBLEM  Yiir. 

« 

,  To  find  ths  Solidity  of  the  SeBor  of  a  Sphere* 

1  rp  O  find  the  Solidity  of  the  Se(^l:or  of  a  Sphere  LEKB, 

I  whole  Arc  KBL  is  for  inftance  100  Degrees,  the-f^^»  192*. 
I  Diameter  BD  being  given,  fuppofe  18  Inches;  the  Sur- 
I  face  that  ferves  for  a  Bale  to  the  Seftor  of  the  Sphere, 

\  you  will  find  to  be  181  Ÿ4T  Inches  fquare,  that  multiplied 
by  3  the  fixth  part  of  the  Diameter  18,  will  give  545 
Cubic  Inches  for  the  Solidity  of  the  Seizor  propofed 
KBLE,  the  Demonftration  is  evident  by  Theor,  i. 

Or  to  avoid  the  Fraftions  in  the  Bafe  of  the  Senior  of 
I  the  Sphere,  Multiply  35721  the  verfed  Sine  of  the  half  BlC 
J  hr  BL  of  the  Arc  KBL^  ^5832  the  Cube  of  the  Diameter 
I  18,  and  multiply  the  ProduB  2o2‘^2^^7 2  always  by  y 
\  for  a  fécond  ProduB  32707004904,  and  its  fixth  part 
^  5451167484,  being  divided  by  100  times  the  Padim 
^  100000,  viz.  lOOOQOOo,  will  give tVVt  Jti- 

t  .-cheSi  for  the  Solidity  fought, 

1 . 

I  P  R  O  B  L  E  M  IX. 


To  find  the  Solidity  of  the  Segment  of  a  Sphere, 

^  O  find  the  Solidity  of  the  Segmenter  Portion  of  thef  Pl,XXIJf 
Sphere  KLB,  whofe  Arc  KBL  is  for  inftance  loi  ^ig*  1S70 
Degrees,  the  Diameter  BD  being  given,  18  Inches  for  in¬ 
ftance,  fubtra<ft  from  the  Se«ftor  KELB,  found  by  Probl, 

8.  to  be  545  -tttV  Inches,  the  Cone  RLE,  that 

you  will  find  to  be  287  Cubic  Inches,  and  the  re¬ 
mainder  257  Cubic  Inches  is  the  Solidity  of  the  Seg¬ 
ment  propofed  KLB. 


SCHOLIUM. 


^  'T'  H  E  Height  El  of  the  Cone  KEL  will  be  found  to 
.  be  5  -I  Inches,  in  the  Triangle  KIE,right-angled  at  I, 
and  the  Diameter  KL  of  the  Bafe  of  the  fame  Cone 
KEL,  will  be  found  131  Inches,  in  the  Ifofecles  Triangle 
I  KEL,  then  ’tis  eafie  to  find  the  Solidity  of  the  Cone 
[  KEL,  by  Probl,  2,  But  to  avoid  Fra(ft:ions  in  the  Height 
t  El,  or  Diameter  RL^  follow  this  Rule  that  has  a  De- 
iKonftration.  '  "  ' 
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ThXXIIh  Multiply  the  Square  ‘>815817281^  of  the  Sine  ^6604 
jpia  jgj,  the  half  BJC,  or  BL^  of  the  Arc  KBL,  by  the  Sine  64279 
Complement  of  that  half  and  the  Produii  377200280439664 
multiply  by  the  Cube  5832  0/  the  Diameter  18,  for  a  fécond 
219983203  <)  ^  24120448,  whichyou  muff  multiply  ’by 
^<^q,^ahd  divide  the  twelfthpart  28781135798107242528,0^* 

345373629577286910336,  by  the  Centu¬ 
ple  of  1  pooooocoooooooo,  the  Cube  oj  the  Radius  locooo, 
viz.  100000000000000000,  and  the  Quotient  voill  give 
287  Cubic  Inches  for  the  Solidity  oj  the  Cone  KE-L,  which 
jnay  be  very  commodioufly  found  by  the  help  of  Loga¬ 
rithms,  that  will  fave  you  feveral  long  Multiplications; 

The  fame  Segment  KLB  rnay  be  found  independantly 
from  the  Se(5lor,  adding  to  its  Height  Bl,  the  Line  BO  a 
fourth  proportional  to  DI,  BÎ,  BE,  and  find  the  Solidity 
of  the  Cone  ROL,  by  Theor.  3.  equal  to  the  Sedor  BKL® 
But  for  Praiffice  thp  other  Rule  is  better. 

■  •  i.  K 

PROBLEM  X. 


To  fnd  the  Solidity  of  a  Spheroid, 

Tla,XXIV,  '-p  0  Solidity  of  the  Spheroid  ABCD,  whbfe  ’ 

Tig,  190.  X  Qp  Rotation  AC  is  for  inftance  32  Inches,  and 
the  other  Axe  BD  is  1 8  Inches  ;  find  by  Trob,  6.  the 
Solidity  of  a  Sphere,  whofe  Diameter  is  the  Axe  of  Ro¬ 
tation  AC,  and  it  will  be  17148  ttIt  Cubic  Inches,  mul- 
'  tiply  it  by  324,  the  Square  of  the  Diameter  BD,  and 
the  Produéf  5556143  -VVt  Cubic  Inches  divided  by  the 
Number  1024,  the  Square  of  thg  Axe  of  Rotation  AC, 
gives  5425  Y-jrT  Cubic  Inches  for  the  Solidity  of  the 
Spheroid  propofed  ABCD,  as  is  evident  bj  TheOr,  4. 

To  avoid  Fra<ftions  in  finding  the  Solidity  of  the 
Sphere  :  Multiply  3  24  the  Square  of  the  Axe  BDy  by  the 
Axe  of  Rotation  AC^  fuppofed  to  be  '^2  Inches^  and 
multiply  the  Frodubi  10368  by  157,  for  a  fécond  Produfh 
J627776,  and  its  third  part  542592  by  ioo,  gives 

5425  Solid  Inches  for  the  Solidity  fought.  The  Demon- 
iiration  is  evident  from  Theor,  5 . 
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PROBLEM  XL 

.  \ 

To  find  the  Solidity  of  a  Segment  of  a  SpberoiL 

'T'  O  find  the  Solidity  of  the  Segment  of  a  Spheroid  Ph  XXJV* 
AGF,  whofe  Bafe  is  a  Circle  whofe  Diameter  Tig%  190* 
FG  is  12  Feet,and  perpendicular  to  the  Axe  ofHotation 
AC,  which  fuppofe  36  Feet,  and  whofe  Height  is  AH  9 
Feet,  in  which  cafe  CH  will  be  27  Feet  :  add  to  the 
Height  AH,  the  Line  AI  6  Feet,  namely  a  fourth  pro¬ 
portional  to  CH,  A  FI,  AE,  and  then  the  Line  HI  will 
be  found  to  be  15  Feet,  the  Height  of  the  Cone  FIG 
equal  to  the  Segment  AFG,  by  Corol.  Theor.  6.  The  Bafe 
of  this  Cone  is  the  fame  as  that  of  the  Segment,  name-* 
ly  the  Circle  whofe  Diameter  FG  was  fuppofed  to  be 
J2  Feet,  will  be  found  to  be  103  Feet  6  Inches  fquare, 
that  multiply’d  by  5  the  third'  of  the  Height  HI,  gives 
565  Cubic  Feet,  and  360  Cubic  Inches  for  the  Solidity 
of  the  Cone  IFG,  or  the  Segment  propofed  AFG. 

SCHOLIUM. 

A  Segment  of  a  Spheroid  may  be  meafur’d  another 
way,  becaufe  by  Theor*  6,  it  is  to  a  Cone  inferibed,  as  the 
correfponding  Sphere  is  to  its  inferib’d  Cone  :  But  the 
Operation  drawn  from  this  Theorem  being  longer  than 
the  former,  it  does  not  deferve  to  be  infixed  on. 

PROBLEM  XIL 

To  find  the  Solidity  of  a  Par  abolie  Conoid, 

\ 

O  find  the  Solidity  of  the  Parabolic  Conoid  ABCD,  Tig,  igi. 
whofe  Axe  is  BE  8  Feet,  and  Diameter  AC  of  its 
Bafe  ADCF  12  Feet,  this  Bafe  ADCF  will  be  found 
to  be  113  Feet,  6  Inches  fquare,  that  multiply’d  by 
4,  half  the  Axe  BE,  gives  452  Cubic  Feet,  and  288 
Cubic  Inches  for  the  Solidity  of  the  Paraboloid  pro¬ 
pofed  ABCD.  The  Demonilration  is  evident  from 
Theor.  7. 

To  avoid  Fra<îfions  in  finding  the  Bafe  of  the  Para¬ 
boloid,  Multiply  144  the  Square  of  the  Diameter  AC^ 
fuppoTd  to  be  iz  Teet^  by  the  Axe  fuppofed  to  be  8, 

and 
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iPJa.XXlV,  and  multiply  the  Produhl  1152  always  by  785,  for  a  Second 

191.  Frodu^  904320,  W  its  half  d'y  divided  by  1000, 
gives  452  Cubic  Feet^  and  23  Cubic  inches  for  the  Solidity 
foughu 

PROBLEM  XIIL 

To  find  the  Solidity  of  an  Hyperbolic  Conoid, 

•T'  O  find  the  Solidity  of  the  Hyperbolic  Conoid 
Fla.  XXI,  A  ABCD,  whofe  Afymptotic  Cone  is  FOGP,  and 
•^4^*  175*  FruHum  is  FHRGP,  as  has  been  fliewn  in  Theor,  8.  froni 
whence  this  Method  of  finding  the  Solidity  of  this  Co¬ 
noid  is  drawn,  tho’  an  eafier  one  may  be  had,  as  fhall  be 
Ihewn,  fuppofe  the  Ttanfvers  Semi-Diameter  OB  36 
Feet,  the  fécond  Diameter  HK,  or  LN  48,  and  the 
Axe  BE  9,  in  which  cafe  ^  the  Radius  AE  will  be  18 
Feet,  and  the  other  Radius  FE  30,  the  Axe  OE  45, 
the  Diameter  AC  36,  and  the  other  Diameter  FG  60 
Feet  :  The  Cylinder  HLMNK  will  be  found  to  be  a- 
bout  16278  Cubic  Feet,  from  whence  taking  the  Fru- 
fium  FIFPGK,  which  you  will  find  to  be  20686  Cubic 
Feet,  there  will  remain  4408  Cubic  Feet  for  the  Solidity 
of  the  Conoid  fuppoled  ABCD. 

To  avoid  Fractions  in  finding  the  Solidity  of  the  Cy¬ 
linder  and  Fruftum,  Multiply  108  the  Sum  of  the  tw6 
Diameters  AC,  LlS’,by  the  greater  AC,  and  then  the  ProduB 
6480  always  by  157,  for  a  fécond  Produit  1017360,  from 
whence  fubtrail  723456  the  Produit  of  the  invariable 
Humber  314,  by  2304  the  Square  of  the  lefs  Diameter 
♦  ilV,  and  the  Remainder  293904  multiply^ d  by  the  Axe  BE, 

fuppofed  to  be  9  Feet,  and  the  fixth  part  440856  of  that 
Produit  26  I  "^6  divided  by  100,  will  give  as  before  4408 
Cubic  Feet  for  the  Solidity  fought. 

Or  multiply  the  Cone  ABCD,  that  you  will  find  to 
'  I:)e  3052  Cubic  Feet,  by  117  the  Sum  of  the  Line  OE,  > 

and  double  the  Line  OB,  and  divide  the  Produ(if  ' 
357084  by  81,  the  Sum  of  the  Lines  OE,  OB,  and. 
the  Quotient  will  give  as  before  4408  Cubic  Feet  for 
the  Solidity  of  the  Conoid  propofed  ABCD. 

But  becaufe  Fradions  may  happen  in  finding  the  Solidi¬ 
ty  of  the  Cone'  ABCD,  you  may  avoid  them  by  this  o- 
ther  Rule,  that  may  be  demonftrated  by  Prep.  27.  of 
Archimedes^  of  Conoids  and  Spheroids. 

Multiply  the  Produit  405  of  the  two  Lines  OE,  BE,  by 
always,  and  fubtra^  from  the  Produit  190755,  the  Produit 
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2‘)434  of  the  invariable  Number  314,  by  the  Squate  TlauXXL 
81  of  the  Axe  BE,  and  the  Remainder  165321,  multi-  Fig, 
plied  by  the  Square  1296  of  the  Diameter  AC,  and  the 
Froduâ  214256016  divided  by  the  excefs  48600*0/ 
two  Hundred  times  the  Line  OE  above  fix  Hundred  times 
the  Line  BE,  that  is^  of  54000  above  5400,  and  you 
will  have  as  before  4408  Cubic  Feet  for  the  Solidity  of  the 
Hyperbolic  Conoid  ABCD, 

PROBLEM  XIV. 

To  find  the  Solidity  of  an  Orb* 

O  find  the  Solidity  of  the  Orb  ABCDH,  bounded 
,  by  the  little  Sphere  EFGH  contain’d  in  the  great 
one  ABCD  ;  take  the  lefs  from  the  greater,  and  the  re¬ 
mainder  is  the  Solidity  fought.  Thus  if  the  Diameter 
AC  be  for  inftance  24  Feet,  and  the  Diameter  EG  18 
Feet,  the  Sphere  EFGH  will  be  305,2  Cubic  Feet,  and 
138  Cubic  Inches,  which  fubtraéled  from  the  Sphere 
ABCD,  that  you  will  find  by  Frobl,  6.  to  be  7234  Cu¬ 
bic  Feet,  and  967  Cubic  Inches,  there  will  remain  4182 
Cubic  Feet,  and  829  Cubic  Inches  fôr  the  Solidity  of  the 
Orb  ABCDH.  '  ‘  % 

To  avoid  Fractions  in  finding  the  Solidity  of  each 
Sphere,  Multiply  7992  the  difference  of  the  Cubes  13824, 

.5^32,  of  the  Diameters  AC,  EG,  always  by  157,  and  divide 
418248,  a  third  part  of  the  Produbl  1254744,  by  100,  and 
the  Quotient  will  give  as  before  4182  Cubic  Feet,  and  829 
Cubic  Inches  for  the  Solidity  fought. 

PROBLEM  XV. 

To  find  the  Solidity  of  the  Five  regular  Bodies* 

Î  faid  in  Def.  <9.  there  were  but  Five  regular  Bodies, 
vi:(.  The  Tetraedrum,  Hexaedrum,  Oétaedrum,  Do- 
decaedrum,  and  Icofaedrum.  The  Tetraedrum  being  a 
fort  of  a  Pyramid  may  be  meafurM  by  Frobl,  2.  the 
Hexaedrum  or  Cube  being  a  fort  of  a  Prifm  may 
be  meafur’d  by  Frobl,  i,  and  the  Solidities  of  the  three 
Others  may  be  found  by  reducing  them  into  equal  Py¬ 
ramids,  having  their  common  Vertex  in  the  Center  of 
the  regular  Solid,  and  their  Bafes  the  fame  as  the  Faces 
of  the  Polyedrum.  Confequently  fince  there  are  as  many 
equal  Pyramids  as  th'e  regular  Body  has  Faces,  ’tis  only 
multiplying  the  Area  of  one  of  its  Faces  by  the  number 


i 


f 

jTreatifeof  GnounTKY. 

of  the  Faces,  and  that  Produft  by  a  third  part  of  thè 
•  common  Height  of  thefe  Pyrarmds.  .  ^  . 

For  inftance,  to  meafure  an  Oâacdrum,  multiply  thé 
Atea  of  one  of  the  Equilateral  Triangles  by  Eight,  and 
the  Produit  by  a  third  part  of  the  Perpendicular  drawn 
from  the  Center  of  the  Oüaedrum  thro’  the  Center  of 
the  Equilateral  Triangle,  and  the  Produft  of  that  fécond 
Multiplication  will  give  the  Solidity  of  the  0<5laedrum 
propofed. 

To  find  the  Solidity  of  a  Dodecaedrum,  multiply  the 
Area  of  one  of  the  regular  Pentagons  by  twelve,  and  the 
Produit  by  a  third  of  the  Perpendicular  drawn  from  the 
Center  of  the  Dodecaedrum  thro’  the  Center  of  the  Pen¬ 
tagon  :  In  like  manner  to  find  the  Solidity  of  the  Icofae- 
drum,  multiply  the  Area  of  one  of  the  equilateral  Trian¬ 
gles  by  twenty,  and  the  Produit  by  a  third  of  the  Per¬ 
pendicular. 

SCHOLIUM. 
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If  you  have  a  Polyedrum  before  you,  you  rhay  eafily 
meafure  the  Side  of  one  of  its  Faces,  and  the  Height  of 
one  of  its  Pyramids  :^But  if  it  be  an  imaginary  one,  the 
Method  following  will  fliew  you  how  to  find  the  common 
Height  of  the  Pyramids  that  compofe  it,  by  fuppo* 
fing  the  Side  of  one  of  its  Faces  to  be  of  a  certain  Magni¬ 
tude,  as  loocoo  Parts  reprefenting  Feet,  Inches,  or  any 
other  meafures  you  pleafe,  this  number  above  others  bp- 
ing  pitched  upon,  becaufe  more  Commodious  in  Praitice, 
and  the  Solidity  of  fuch  a  Body  being  once  found  for  thi^ 
Number  loooco,  it  may  eafily  be  found  by  the  Golden 
Rule  for  any  other  Number  you  pleafe,  fince  ^^33.11. 
fimilar  Bodies  are  as  the  Cubes  of  their  Homologous  Sides. 

Firft,  to  find  the  Height  of  one  of  the  equal  Pyramids 
of  an  Oéiaedrum,  whofe  Side  is  fuppofed  to  be  looooo 
parts,  the  fame  with  the  Whole  Sine  in  the  Table  of 
Sines,  in  regard  of  which  the  Secant  of  45  Degrees,  name-  | 
ly  1 4 1 42 1  is  the  Diameter  of  the  Oaraedrum,  or  cifcUm-x.  i 
fcribed  Sphere,  and  the  Tangent  of  30  Degrees,  namely, 

5  773  <5  is  the  Radius  of  a  Circle  circumfcribed  about  one 
of  the  equilateral  Triangles,  that  fervesfor  a  Bafe  to  the 
Oaaedrum;  fubtraft  3333330^2$  the  Square  of  this 
Radius  or  Tangent  5773*)  from  50000Ô00CO,  half  the 
Square  lococooocoo,  of  the  whole  Sine  or  Side  icoooo, 
and  the  Square  Root  of  the  remainder  1 66666977  <,  will 
give  40824  for  the  Height  of  the  Pyramid  fought,  whofe 
ÎBafe  is  fbund  by  multiplying  86602  the  Sine  of  60  De¬ 
grees,. 


) 


Part  IV.  G/  S  T  E  R  E  o  M  E  T  R  Y. 

grees,  by  <50000  half  the  whole  Sine,  or  Side  lOCOOOj 
for  the  Product  4350100000,  will  be  the  Area  of  the 
Bafe  of  the  Pyramid,  which  multiply^d  by  8,  and  the 
Produft  3464080COOO  multiply’d  by  13608  a  third  of 
the  Height  found.  40824,  will  give  471392006400000 
for  the  Solidity  of  the  Oftaedrum  propofed. 

The  Solidity  may  with  greater  eafe  ânà  exaéfnefs  be 
found,  by  multiplying  the  Diameter  found,  or  Secant  of 
45’  Degrees  141421'  by  10000000000  the  Square  of. 
the  whole  Sine  or  Side  100000,.  for  the  third  part 
471403333333333  of  the  Produft  14 i 4210000000000 
will  be  the  exaft  Solidity  of  the  Polyedrum  propofed» 
From  whence  one  may  eafily  conclude,  that  to  find  the 
Solidity  of  an  Ocdaedrum,  whole  Side  is  any  other  Num- 
bec  than  100000,  for  inftance  80,  you  mull  multiply 
512000  the  Cube  of  the  Side  80  by  47144  and  divide 
the  Product  241356000  by  100000,  and  the  Quotient' 
will  give  241356^  for  the  Solidity  fought^ 

Secondly,  To  find  the  Height  of  one  of  the  Pyramids 
equal  to  the  Dodecaedrum,  one  of  whofe  Sides  is  fup- 
pofed  to  be  100000  parts,  as  the  Radius  is  in  the  Tables 
or  Sines,  in  regard  'of  which  85065  half  the  Secant 
i70i3oofan  Arc  of  54  Degrees,  '  is  the  Radius  of  a 
Circle  circumfcrib'd  about  a  Pentagon,  that  lerves  for  a 
Bafe  to  the  Dodecaedrum,  fubtraéf  7236054225  the 
Square  of  that  Radius  85065,  from  tfie  Square  of  the 
Radius  of  the  Dodecaedrum,  that  is  from  19635400812 
the  triple  of  654i336o4the  Square^of  80902,  the  Sine 
of  the  fame  Arc  of  54  Degrees,  and  the  Square  Root  of 
the  remainder  12399346587  will  give  111352  for  the 
Height  of  one  of  the  twelve  equal  Pyramids,  that  the 
Dodecaedrum  is  compoled  oÇ  by  which  multiply  the 
ProduÀ  68819000000  of  the  Radius  or  Side  lodooo 
by  688190  the  quintuple  of  the  Tangent  137638, 
of  the  fame  Arc  of  54  Degrees,  and  you  will  have 
7663133288000000  for  the  Solidity  of  the  Dodecaedrum 
propofed.  Thence  ’tis  eafie  to  conclude,  that  to  find  the 
Solidity  of  a  Dodecaedrum  v^hofe  Side  is  any  other  Num¬ 
ber  befides  loooo,  as  80,  you  muft  multiply  51 2000  the 
Cube  of  80,  by  7663,  and  divide  the  Produit  3923456000 
looo,  and  the  Quotient  will  give  3923456  for  the  So¬ 
lidity  fought; 

But  not  to  in  lift  any  longer  on  thofe  regular  Bodies, 
that  feldorn  are  ufed,  I  ihall  fin'ifli  this  Problem,  by 
telling  you,  that  to  find  the  Solidity  of  an  Icofae- 
drum,  the  Side  being  given,  for  inftance  8  Feet,  you 
luuft  multiply  512  the  Cube  of  the  Side  b  bv  218, 

P  '  and 


209 


¥ 


I 


2-10 


À  Treatife  Geometry. 

and  divide  the  Prodiidt  iii6i6  by  loo,  and  the  Quoti¬ 
ent  will  give  iii6  Cubic  Feet,  276  Cubic  Inches  for 
the  Solidity  of  an  Icofaedrum,  whofe  Side  is  8  Feet, 

PROBLEM  XVr. 

To  jind  the  Solidity  of  an  irregular  iBody, 

'T'  H  E  Solution  of  the  <5  Prohl.  and  fome  others,  make 
it  evident,  that  to  find  the  Solidity  of  an  irregular 
Body,  you  muft  reduce  it,  if  you  can,  into  Prifms,  Semi- 
prifms,  and  other  Bodies,  that  are  meafurable  by  the  help 
of  the  preceeding  Problems  :  For  the  Solidities  of  all 
thofe  Bodies  added  together,  will  give  the  Solidity  of 
the  Body  propofed. 

But  if  the  Body^propofed  be  too  big,  and  fo  irregular,' 
as  that  you  can’t  eafily  reduce  it  into  others,  whofe  Solid 
Content  may  be  found  by  the  foregoing  Problems,  you 
muft  have  a  Veffel  in  the  form  of  a  Prifm,  whofe  Bafc 
is  exactly  known,  and  pour  fome  Water  into  it,  and  then 
fink  the  Body  propofed  ;  by  that  means  a  Prifm  of  Wa¬ 
ter  equal  in  Bulk  to  the  Body  will  afcend,  multiply  the 
Bafe  therefore  by  the  Height  of  the  Water  that  afcend- 
ed,  and  you  will  have  the  Solidity  of  the  Prifm  of  Water, 

and  confequently  of  the  Body  propofed, 

« 
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Perhaps  the  VelTel  is  not  large  enough  to  contain 
the  Body  propofed,  in  this  cafe  you  muft  get  a  lefs  Body 
of  the  fame  Matter,  and  find  its  Solidity,  and  by  that 
you  may  find  that  of  the  Body  propofed  tho’  greater, 
by  weighing  the  two  Bodies  exaftly,  their  Solidities  be¬ 
ing  as  tlieir  Weights,  becaule  fuppofed  to  be  of  the  fame 
Homogeneous  Matter, 
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PROBLEM  XVIL 


To  jînd  the  Solidity  of  an  empty  Body,  ^ 

’'T'  I S  evident  that  to  find  the  Solidity  of  an  empty  Bo¬ 
dy,  you  need  but  find  the  Solidity  as  if  it  were  full, 
and  fubftradf  from  thence  the  Capacity  of  the  vacuity 
for  the  remainder,  which  is  the  Solidity  of  the  Body 
propofed,  .  ' 


SCHOLIUM, 

The  finding  of  the  Solid  Content  of  Similar  Bodies, 
ferves  principally  to  find  the  Solidity  of  fe veral  W  alls  join’d 
together,  that  is,  that  make  an  Inclofure,  which  w'e  have 
fpoke  of  in  Frobl,  5*  and  finding  the  Capacity  of  a  Va-  ^ 
icuity  ferves  for  Ditches,  that  we  have  fpoke  ofj  and  Pits, 
and  Caves  ;  but  there  are  particular  Methods  for  mea- 
furing  thefe  forts  of  Bodies,  and  feveral  others,  as  Vaults, 
Arches,  Stair-cafes,  ^c,  that  we  fliall  not  explain  here 
left  we  deviate  from  our  Subject,  they  not  being  exaét, 
Notwithftanding  I  fhall  fay  fomething  concerning  the 
finding  the  Solid  Content  of  Casks  that  are  of  frequent 
Ufe. 


PROBLEM  XVIIL 
To  Gauge  a  Cash 

IF  all  Casks  -were  Similar,  then  the  Solidity  of  one  be- 
ing  known,  that  of  the  reft  might  eafily  be  found,  be* 
jcaufe  fimilar  Bodies  are  as  the  Cubes  of  their  Homolo¬ 
gous  Sides,  But  all  not  being  made  after  the  fame  man¬ 
ner,  nor  any  certain  Rule,  nor  fingle  certain  Method  of 
Gauging  them  can  be  eftablifh’d,  tho’  they  have  circular 
Bottoms,  and  commonly  equal  ones,  but  the  Staves  that 
form  the  Sides  are  fometimes  flat,  fometimcs  Convex. 

Whjsn  the  Staves  are  flat,  the  Cask  may  be  confider’d  PL  XXÎV^ 
as  an  aggregate  of  two  Fruftums  of  a  Cone,  that  may  fzg*  194. 
be  meafur’d  by  Probl,  4.  and  if  the  oppofite  Heads  are  e- 
qual  Circles,  as  they  commonly  are,  the  Content  of  the 
Cask  is  found  by  multiplying  the  excefs  of  the  Square 
of  the  Sum  of  the  two  Diameters  BD,  AE,  above  their 
'Produift,  by  the  Height  IK  of  the  Cask,  and  mtihi” 
plying  the  Produét  by  157  for  a  fécond  Produ(ft,  whofe 
jfixth  parçinvift  divided  by  100, 

?  I  '  Tte 
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Tl.  XXIV.  Thus  if  the  great  Diameter  AE  be  24  Inches,  and 
Fig.  194.  the  lefs  BD,  or  HF  18,  theii^Produ(fl  will  be  432,  and 
their  Sum  42,  whofe  Square  1764  multiply’d  by  the 
Length  IK,,  fuppofe  36  Inches,  produces  47952,  which 
multiply’d  by  157,  gives  a  fécond  Produd  7528464, 
whofe  Sixth  part  1254744,  divided  by  100,  gives 
12547  Cubic  Inches  for  the  Content  of  the  Cask 
fought  ACEG. 

You  may  for  difpatch ,  multiply  half  the  Sum  of 
the  two  Circles ,  whofe  Diameters  are  AE,  BD,  by 
ÎK,  the  Length  of  the  Cask  :  And  then  to  avoid  Fra¬ 
iserions  in  each  Circle,  multiply  900  the  Sum  of  the 
Squares  576,  324,  of  the  Diameters  24,  iS,  by  the 
length  IK,  fuppos’d  to  be  36  Inches,  Nand  multiply  the 
Product  3240Q  by  785  for  a  lecond  Product  25434C00, 
half  of  which  127 17000  divided  by  icoo,  gives  12717 
Cubic  Inches  for  the  Solidity  fought,  which  you  fee 
being  thus  found,  is  fomething  greater  than  it  ihould  be, 
which  is  an  error  for  the  Advantage  of  the  Gauger. 

The  error  will  be  lefs  confiderable,  if  inftead  of  taking  j 
a  mean  Circle,  ,  you  take/  a  mean  Diameter  between  j 
AE,  BD,  that  you  will  find  to  be  21  Inches,  being  half  the  j 
Sum  of  AE,  BD.  The  Area  of  the  Circle  anfwering 
this  mean  Diameter  21  is  346  Inches  fquare,  that  mul¬ 
tiply’d  by  36,  the  length  IK,  will  give  12456  Cubic 
Inches  for  the  Solidity  fought,  lefs  than  the  true  one 
12547;  hut  ’tis  not  fo  much  lefs  as  the  foregoing 
12717  is  above.  | 

When  the  Staves  are  Convex,  as  BAH,  DEF,  the  j 
Cask  may  be  confider’d  as  an  aggregate  of  the  two  f 
Parts  of  a  Spheroid,  and  may  be  meafur’d  by  the  | 
Rules  in  Probl.  ii.  But  this  Speculation  is  of  little  r 
Ufe  in  the  Praéfice,  where  the  Capacity  is  fought  only 
in  the  grofs,  which  Artifts  call  the  Content^  in  the  Meafures  i 
of  that  Place,  as  Gallons,  Quarts,  CS'c. 

The  Solidity  of  the  Cask  ACEG,  being  found  to  be  1 
12547  Cubic  Inches,  ’tis  eafie  to  find  how  many  Pints  •[ 
it  contains,  namely,  by  dividing  the  Content  12547  11 
by  49,  which  is  the  Number  of  Cubic  Inches  near*  i  | 
ly,  that  are  contain’d  in  a  Paris  Pint,  and  the  Quotient  ; 
will  give  256  Pints  for  the  Content  or  Capacity  of  the  l'î 
Cask  propofed  ACEG.  y- 

But  to  find  the  Capacity  more  exaélly,  you  miiil 
take  Notice  that  a  Muii  is  fuppos’d  to  con-  j 
tain  8  Cubic  Feet,  or  280  Pints,  or  13824  Cubic 
Inches  ,  which  finews  that  280  Pints  are  equal  to  p 
13824  Cubic  Inches  ;  wherefore,  to  find  how  many  ' 

Pints  !. 
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.  Pints  there  are  in  12^47  Ii^ches ,  which  is  the?/.  XX/F, 
Content  of  the  Cask  ACEG,  fay  by  the  Rule  ofFrg,  1^4, 
Three,  if  13824  Cubic  Inches  make  280  Pints,  how 
many  will  12*547  Cubic  Inches  make  ?  So  that  mul- ‘ 
tiplying  the  Solidity  12*547  ^7  280,  and  dividing  the 
Produft  3513160  by  13824,  or  which  is  eafier,  multi¬ 
plying  the  Solidity  12547  by  35,  and  dividing  the 
Produft  439145  by  1728,  the  Qiiotient  will  give  about 
254  Pints  for  the  Capacity  fought. 

So  much  for  the  Theory,  what  follows  is  the  ufual 
Practice  of  Gaugers  that  Gage,  that  is,  readily  to  find 
the  Content  [of  a  Cask  by  the  help  of  a  Rod,  di¬ 
vided  on  one  Side  into  a  certain  Number  of  equal 
Parts,  and  on  the  other  into  unequal  Parts.  This 
Rod,  called  commonly  the  Gauging  Rod,  is  made 
like  LMNO,  and  divided  as  that  is. 

Having  Ibttled  upon  the  Meafure,  you  will  ufe  in 
Gauging  Casks,  as  a  Pint  P,  whofe  Figure  being  ir¬ 
regular,  muft  be  reduc’d  into  à  regular  one,  filling  it 
with  Water,  or  fome  other  Liquor,  and  pouring  it  out 
into  another  regular  Velfel,  as  the  Concave  Cylinder 
QRST  ;  and  fuppofing  the  Liquor  takes  up  the  Cy- 
lindric  Prifm  QV  XT,  whofe  Bafe  is  a  Circle,  having  for 
a  Diameter  a  Line  equal  to  RS  the  internal  Diameter  of 
the  Concave  Cylinder  ;  transfer  the  Height  QV,  or  TX 
of  this  Cylindric  Prifm  upon  the  Gage,  on  one  of  its  Fa¬ 
ces  from  the  Point  Y,  that  anfwers  to  the  Point  O,  to¬ 
wards  L,  as  many  times  as  it  will  bear,  and  mark  the 
Places  with  the  Figûres  i,  2,  3,  4,^5,  CS’c,  and  this  Face 
call’d  Side  of  the  equal  Parts» 

Then  mark  on  the  oppofite  Face  of  the  fame  Gauging 
Rod,  that  I  fuppofe  Square,  and  about  Four  or  Five  Foot 
long,  the  Diameters  of  a  Bafe  double,  triple,  quadru¬ 
ple,  C^<7.  that  of  the  Cylindric  Prifm  QVXT,  which 
may  be  done  in  this  manner. 

Having  drawn  the  indefinite  Line  S9  perpendicular 
to  the  Diameter  RS,  take  in  that  Line  S9  the  part  S,  i  e- 
qual  to  RS,  and  the  part  S2,  that  by  47.  i,  will  be 
the  Diameter  of  a  double  Bale,  equal  to  Ri,  and  af¬ 
ter  the  fame  manner  the  part  S3,  which  will  be  the 
Diameter  of  a  triple  Bafe  equal  to  R2,  and  fo  on  : 

And  transfer  the  unequal  Divilions  of  the  Line  S9 
upon  the  Gauging  Rod  from  L  towards  M,  by  Points,  to 
which  annex  the  Figures  i,  2,  3,  4,  ^c.  and  this  Face 
thus  unequally  divided,  is  call’d  the  Side  of  unequal 
Parts^  which  may  be  alfo  divided  after  this  manner. 
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Divide  the  Diameter  RS,  into  a  certain  Number  ok  ^ 
pretty  fmall  equal  Parts,  as  into  lOo,  whofe  Square 
loooo  doubled,  tripled,  quadrupled,  gives  20000,  I 
30000,  40000,  0'r.  and  the  fquare  Roots  give  141  j 
173,  200,  for  the  quantity  of  the  Diameters  of  the 
Bales,  the  doubles,  triples,  quadruples,  CS’r.  Having 
made  then  as  before,  the  Line  Li  equal  to  RS,  or  lOO 
Parts,  make  the  Line  S2  of  141  Parts,  the  Line  S3  of 
173  Parts,  the  Line  S4  2Co  Parts,  and  fo  on,  till  you 
tompleat  the  Divifon. 

The  Gauging  Rod  being  divided  after  this  manner,  is 
to  be  ufed  thus.  Apply  the  Rod  along  the  Cask,  whofe 
Content  you  are  to  hnd,  fo  that  the  Point  O  of  the 
Hook  No  touch  one  of  the  Heads,  for  finding  on  the 
Side  of  the  equal  Parts  the  Diftance  IK  of  the  two 
Heads,  allowing  fomething  for  their  thicknefs  :  We 
will  fuppofe  the  Diifanee  IK  14  equal  Parts  or  Heights. 
Then  if  the  Cask  be  empty,  apply  the  Rod  to  the 
Bung,  to  find  on  the  Side  of  the  unequal  Parts  the 
Quantity  of  the  great  Diameter  AE,  that  we  will  fup- 
polè  24  unequal  Parts,  or  Diameters  :  Find  after  the 
fame  manner  the  quantity  of  the  lefs  Diameter  BD, 
or  HF,  which  fuppofe  to  be  16  unequal  Parts  ^  then 
add  thefe  two  Diameters  thusofound  together  24>  16, 
and  multiply  their  Sum  40  by  the  Length  IK,  that  w’^e 
fuppofed  14  equal  Parts,  and  the  Produft  560,  halved 
gives  280  Pints  for  the  Content  of  the  Cask  propofed 
ACEG. 

Here  the  two  little  Diameters  BD,  HF,  are  fup- 
pos’d  equal,  but  if  they  are  unequal,  take  half  the  Sum 
for  one  of  the  two  Diameters,  and  work  as  has  been 
taught. 

The  Rod  may  be  made  otherwife,  and  eafier  thus, 
Becaul'e  a  Cylinder,  that  has  for  its  Height  3  Feet, 

3  Inches  -jL,  and  as  much  confequently  for  the  Dia¬ 
meter  of  its  Bafe,  contains  a  thoufand  TarU  Pints,  make 
the  Kod  LM  3  Feet,  3  Inches,  long,  and  divide  ! 
it  firft  into  ten  cquabParts,  each  of  which  will  be  the  1 
Diameter ,  and  Height  of  a  Cylinder ,  containing  i 
a  Pint,  and  divide,  for  greater  exaftnefs,  each  of  thele 
ten  Parts,  into  ten  other  lefs  Parts,  and  each  of  thefe 
new  Parts  will  be  the  Height,  and  Diameter  of  a 
Cylinder,  containing  the  thoufandth  part  of  a  Pint.  Laft- 
ly,  annex  to  thefe  Divifions  the  Figures  from  5  to  5,  or 
Trom  10  to  10  and  the  Rod  will  be  finiih’d,  and  is  thus 
to  be  ufed.  Having  found  as  before,  how  many  of  the 
Parts  of  the  Rod  are  cGntain'd  in  the  Length 
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3  of  the  VefTel,  and  the  Diameters  at  the  Heads  and  PL  XX^V* 
^  Bung  ;  add  as  before, the  great  Diameter  AE  to  one  of  the  194» 
f  little  ones  HF,  BD,  if  they  are  equal  ;  otherwife  inftead 
I  of  one  take  half  their  Sum,  as  was  faid  before,  and 
multiply  it  by  it  felf  for  its  Square,  which  multiply 'd 
by  the  Length  IK  of  the  Cask  within,  and  divide  the 
Product  by  4000,  for  the  number  of  Pints  contain’d  in 
the  VefTel  fuppofed. 

This  way  gives  the  Content  of  the  Cask  lefs  than 
T ruth  ;  but  if  you  would  have  it  more  exaéf,  do  thus  ; 

Subtraà:  from  the  great  Diameter  AE,  one  of  the  lefs 
HF,  BD,  if  they  are  equal,  or  half  their  Sum  if  they 
be  unequal,  and  multiply  the  Sum  by  it  felf  for  its 
Square  ;  that  multiply’d  by  IK  the  Length  of  the 
Cask  within,  and  the  Produâ:  divided  by  1000,  gives 
as  before,  the  Number  of  Pints  fought. 
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The  HONOUR  ABLE 

\yOHN  RICHMOND, 

alias 

Efq, 

I  One  of  the  Lieut  en  ants -General  of 
]  Her  Majesty’s  Forces  in  the 
Low-Countries.  Colonel  of  the 
Queen’s  Regiment  of  Foot: 
And  Governour  of .  the  IJk  cf 
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Sir, 


ATreatife  upon  any  Part  of  Mi¬ 
litary  Affairs  can  never  be  Re¬ 
commended  to  theWorld  with 
ifo  much  Advantage,  as  when  it  is 
Honour’d  with  a  Name  fo  Great  in 

I 

IWar,  as  that  of  General  Webb.  And 
an  Author  appearing  under  fo  Power- 
Iful  a  Protestor  is  as  fecure  of  Succefs, 


The  'Epî/îîe  Dedicatory. 

as  a  Souldier  marching  under  fo  Tn* 

•  vincible  a  Commander.  Upon  this 
account  it  is,  that  I  prefume  to  offer 
the  following  Tranflation  to  You,  not 
as  worthy  of  your  Acceptance,  but 
as  wanting  your  Patronage. 

The  Subjeél  of  this  Book  is  Forti- 
ficatioUi  an  Art  in  it  felf  highly  Va¬ 
luable,  and  which  no  One  better  un-  | 
derftands  than  You  ;  tho’  your  Cou-  | 
rage  has  always  made  it,  both  ülèlefs  | 
to  your  Enemies,  and  Unneceflary  to  | 
Your-felf. 

I  dare  not  attempt  theCharaéler  of  : 
fo  Great  a  Hero,  whofe  Aélions  lhall  j 
be  Recorded  by  the  Britijh  and  French  \ 
Annals,  and  whofe  Fame  lhall  be  Cele-  I 
brated  as  long  as  UJle  and  IVinnendale  \ 
have  Names  in  Hiftory.  I  am. 

Sir, 
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Tour  mofi  Obedient 
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Humble  Servant  y  \ 
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J.  T.  Desaguliers.  I 


THE 

BOOKSELLER 

I  .  T  0  T  H  E 

REA  D  E  R. 

Mr.  Ozanamh  Treatifes ,  erpecially  his 
Courfe  of  the  Mathematicks^  have  been 
fo  well  Received,  that  I  have,  by  the 
I  DireQiion  and  Approbation  of  feveral  Ingenious 
Gentlemen  in  that  Science,  had  them  Done  into 
Engliff)  from  the  Paris  Edition.  I  mufl:  own, 
that  a  great  many  Books  of  Fortif cation  have  been 
publifh’d  of  late  ;  but  as  what  our  Author  has“ 
wrote  on  divers  Parts  of  the  Mathematicks,  has 
not  been  lefs  Valued  for  being  taken  out  of  other 
Treatifes,  becaufe  of  his  Own  large  Additions 
and  Emendations  ,  I  am  perfwaded  that  This 
will  meet  with  the  like  Succefs.  For,  befides  the 
Author’s  known  Merit,  all  good  fudges  will  grant, 
that,  how  often  foever  this  Matter  has  been  treat¬ 
ed  of,  during  the  Laft  and  Thefe  preient  Wars  ; 
yet,  it  is  not  fo  Eafy  as  fome  People  imagine,  to 
Write  wxll  concerning  Fortification^,  and  elpecially  • 
that  of  Irregular  Places:  There  being  fo  many 
different  Cafes,  by  reafon  of  the  Situation  and 
Quality  of  the  Ground,  which  it  is  hard  thorough¬ 
ly  to  Examine,  and  reduce  to  Particular  Rules. 
Without  doubt  this  Art  may  be  daily  improv’d  ; 

and 


ft 


To  the  Reader. 

and  Mr.  Ozanam’s  Notions^  added  to  thole  of 
ocher  Authors,  mull  needs  contribute  a  great  deal 
to  its  Perfeftion.  But  if  that  Part  of  Fortification 
which  teaches  to  Defend  Places  is  difficult,  that  I 
which  teaches  to  Attack  them  is  no  lets  (b.  And  j 
Mailers  of  this  Art  affirm.  That  this  Lall  Parr,  | 
however  Important,  has  been  but  lightly  handled. 
This  Mr.  Ozanam  well  knew,  artd  therefore  dwelt 
longer  upon  it  than  any  One  before  Him  ever  did. 

Here  are  very  Ufcful  Inllrudions,  which  may 
be.  Acceptable  to  a  great  many  ;  not  only  Mili* 
tary  Men,  but  fuch  as  would  learn  to  fpeak  Ju* 
dicloully  upon  this  Subjeâ,  and  underhand  what 
is  to  be  niet  with  in  Publick  Papers,  or  faid  in 
Çoriverfcttion  aboutit. 
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FORTIFICATION. 


ORTIFICATION,  which  is  alfo 
called  Military  ArchiieBurey  is  an  Art 
which  with  the  help  of  Geometry  and 
Arithmetick^  teaches  how  to  Fortify; 
that  is,  to  enclofe  a  Place,  or  City,  with 
filch  Works,  as  may  feciire  it  from,  or 


i  enable  it  to  refill,  the  Invafions  of  the  Enemy  ;  which  is 
^  done  by  drawing  a  continued  Line,  inclin’d  to  the  An- 
I  gles  of  the  Polygon,  that  includes  the  Place  to  be  Forti- 
j  fy’d  ;  This  Line  is  call’d  the  Jirf  Draughty  or  Majier-Hne 
I  (in  French  )  Tremier  Traity  and  Ligne  de  Cordon^  upon 
(  which  are  laid  the  Foundations  of  that  enclofure  of 
\  Walls,  which  encompafieth  the  FortrefSy  or  Fortify’d 
;  Place,  and  is  made  up  of  Curtains  and  Baflions,  fo  built 
land  difpos’d,'  that  one  may  eafily  Defend  one’s  felf 
I  therein,  when  Attack’d  ;  that  from  thence  the  Enemy 
!  may  be  feen  and  repell’d,  which  Way  foever  he  Ap- 
!  proaches,  and  be  hinder’d  from  making  himfelf  Mailer 
of  the  Place;  and  that  a  fmalJ  Number  of  Men  may 
I  with  Advantage  refill  a  greater  that  wou’d  force  ’em. 


N.B.  In  this  TranJIatioffy  the  French  Terms  will  be  retain  dy  as  they 
are  in  Mr.  Harris’/  Lexicon  Technicum,  'whenever  he  /peaks  of  For¬ 
tification  ;  But  fuch  as  are  leaf  obvious  jhall  be  explain  d  by  a  MargU 
nal  Jdotty  the  Firjî  Time  they  are^Mentio?td. 
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2  J  Treatife  of  Fortification. 

^  Becaufe  this  Polygon  may  be  regular  or  irregular; 

Fortification  alfo  may  be  regular  and  irregular  :  Both 
which  depend  upon  the  following  Maxims,  not  to  be 
well  underftood  till  we  have  firfi  explain’d  Tome  Terms 
peculiar  to  Fortificaiion.  Wherefore  we  (hall  begin 
bv  Definitions. 

Æ  Explanation  of  the  Ichnograph'ical  Terms  of  a 

Fortified  Tlace. 

Plate  2.  6th  Figure  reprefents  a  Demi-Hexagon  For- 

A  lificfij  where  the  Polygon  ABCD  is  calfd  thevV/- 
^ard  Tolygon^  and  the  Polygon  GKVX  the  outward 
Tolygon,  Every  fide  of  the  inward  Polygon  is  call’d 
inward  fide,  as  AB  and  every  fide  of  the  outward 
Polygon,  as  GK,  is  call’d  outward  fide.  When  the 
inward  and  outward  Polygons  are  regular,  as  here  in 
the  Figure,  they  have  the  fame  Center ^  as  S,  which  is 
the  fame  with  the  Center  of  the  circ/umferib’d  Circle  : 
And  then  we  fliali  call  little  Radius^  the  Radius  of  the 
Circle  circumferib’d  about  the  inward  Polygon,  as  SA  ; 
ViXià great  Radius^  the  Radius  of  the  Circle  circumferib’d 
about  the  outward  Polygon,  as  SG. 

To  Fortify  outwards^  is  when  we  Fortify  upon  Pa¬ 
per,  beginning  by  the  inward  fide;  and  wJien  we  For- 
^  tify.  upon  Paper,  beginning  by  the  outward  fide,  that 
ï%  Q^Wd  Fortifying  inwards. 

i.  The  Figure  AEFG  reprefents  the  Plan  of  a  T)emi- 
Baft  ion.,  which  fs  compounded  of  thé  Demi-Gorge  AE, 
of  the  Capital  AG,  of  the  Flank  EF,_and  of  the  Face 
FG,  which  is  alfo  call’d  Tan  of  the  Baftion,  This 
Flank  EF,  or  Hf,  is  call’d  Rightfian^.^  when  it  is  ^ 
perpendicular  to  the  Curtain  EH  ;  and  Oblique fianh^^  i 
when  it  makes  an  obtufe  Angle  with  the  Curtain  EF  ; 
Axdiich  IS  now  practis’d  by  ali  Engineers,  for  fnch 
reafons  as  you  will  fee  in 

The  Figure  HIKLMPON  is  a  whole  call’d  alfo 

Bulwark,  which  is  made  up  of  fuch  parts  as  the  fore¬ 
going;  and  befides,  a  Gorge.,  or  Gorge-line^  which  is 
hsre  reprefented  by  the  Une  HN,  drawn  from  the  end 

Hof 
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Hof  the  Flank  HI,  to  the  end  N  of  the  other  Flank  Plate 
NL,  which  Flank  is  here  cut  by  the  Epaule^  Shoul- 
der,  or  Orillon  LM,  which  is  call’d  a  round  OriUon^  be- 
caufe  it  is  round  ;  and  a  fquare  Orillon  when  it  is  fquare^ 
as  QR.  It  covers  part  of  the  Flank,  which  for  that 
reafon  is  taken  inwards  ;  whence  it  is  call’d  retir'd  or 
cover'd  Flank^  as  A{oCafemate^  and  Tlace-Bajje^  as  OP:  ' 
And  the  Line  NO,  or  MP,  is  calfd  Retirade^  or  Re<- 
tremhment  of  the  Flankj  or  Flatformof  the  Cafemate, 

*The  Line  EF  has  been  call’d  Flankj  bccaufe  it  de^ 
fends  the  Face  IK  of  the  oppofite  Baflion  ;  for  to  Flank, 
in  Terms  of  Fortification,  fignifies  to  Defend.  It  is 
call’d  Flank  fichant,  becaufe  a  Musketeer,  at  its  end  E, 
can  (hoot  (or  ficher^  as  the  French  call  it,)  againfl:  the 
Face  IK,  whence ‘the  Line  EK,  drawn  from  E,  the 
end  of  the  Flank  to  K,  the  Point  of  the  oppos’d  Baflion 
is  call’d  the  Fjchantdine  of  7)efence^  or  only  the  FichanU 
line,  and  alfo  the  Great-line  of  i>e fence  s  the  Rafant- 
line  y  or  Rafant-line  of  Defence^  and  alfo  Litth* 
line  of  "Defence^  being  the  Right-line  KT,  which  is 
made  by  lengthning  the  Face  IK  to  T,  from  whence  a 
Musketeer  cannot  ffioot  againft,  but  only  rafe  or  fhoot 
along  the  Face  IK  :  And  then  the  part  ET  of  the 
Curtain  is  call’d  Second-flanks  and  alfo  Fire  in  the  Cur^ 
tain;  becaufe  from  all  the  parts  of  that  Second-flank 
ET,  one  may  fhoot  or  fire  againfl  the  Face  IK.  There 
is  not  always  a  Second-flank,  as  in  the  Curtain  YZ, 
and  then  there  is  no  Fichant-line  neither^  but  only  a 
Rafant-line,  as  YV  and  ZX;  and  in  that  Cafe  the 
Flank  is  call’d  the  Rafant-flank^  becaufe  from  its  end  Y 
or  2,  one  can  only  rafe  the  Face  of  the  oppofite  Baflion, 
Hence  it  appears,  that  the  Flanks  are  as  the  Arms  of  a 
Place  Fortified  ;  this  part  alfo  the  Enemy  endeavours 
to  deflroy  firft,  in  order  to  pafs  the  Ditch  with  more 
eafe. 

We  have  faid  in  our  Geometry,  that  the  Angle  ASB 
is  call’d  the  Angle  of  the  Center^  and  that  the  Angle  ABC 
is  call’d  the  Angle  of  the  Tolygon^  which  may  be  call’d 
the  Angle  of  the  inward  Tolygon,  to  diflingiiifh  it  from 
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Plate  the  Angle  GKV,  which  may  be  call’d  the  Angle  of  the 

Fig.  6,  outward  Tolygon:  And  we  fhall  here  call  the  Angle 
F  EH,  which  the  Flank  "EF  makes  with  the  Curtain 
EH,  Angle  of  the  Flank^i,  and  the  Angle  EFG,  which 
the  fame  Flank  EF  makes  with  the  Face  FG,  is  call’d 
Angle  of  the  Epaule^  or  fimply  the  Epaule^  whence 
conies  the  Word  Epauler^  which  is  to  cover  the  Flank, 
or  the  Shoulder  ol  the  Befieged,  fo  that  he  may  not  be 
difcover’d  on  that  fide.  Thus  one  may  fee  that  thole 
which  defend  the  Place  in  the  Flank  EF  are  Cover’d 
and  Epauled,  or  Shoulder’d  by  the  Face  FG,  which  in 
fiich  a  Cafe  is  aÆ  à  Epaule  ment  :  The  Point,  or  Angle  of 
the  inward  Polygon,  is  call’d  the  Center  oftheBajiion, 
The  fame  Fla^nk  EF  being  lengthned,  makes  in  the 
Centers,  with  the  Radius  AS,  the  Angle  ASE,  which 
we  fliail  call  th e  F lankforming  Angle.  The  Angle  IKL, 
which  the  Two  Faces  KI,  KL>  make  at  the  Point  of 
their  BafHon,  is  calPd  the  Angle  of  the  Bajlion.,  and  alfo 
xhé  Flan^d-angle,  bee  au  fe  it  is  flank’d  and  defended  by 

Plate ^l^^'Two  oppofite  Flanks.  The  Right-line  drawn  from 
one  Flank’d-angle  to  another,  and  which  marks  the 
Dilbrice  of  ’em,  as  GK,  is  call’d  the  Bafe-line.^  the  fame 
as  we  have  before  call’d  outward  fide  *,  and  the  part  EB,, 
made  up  of  the  Curtain  EH,  and  the  Demi-gorge  HB,, 
is  call’d  the  Lengthned-curtain.  We  have  aifo  laid  ini  j 
onr  Geometry,  û\2it  2l  Re-entrant  angle  is  that  whichil 
retires  inwards,  and  \ve  call  fiich  an  Angle,  in  Terms;  i 
of  Fortification,  a  T en  aï  lie- angle  ^  or  only  Tenaille  ;  andll 
fuch  of  ’em  as  are  made  by  the  meeting  of  Two 
fant-lines  and  are  obtiife,  are  call’d  Flanking  angle as;| 
the  Two  Lines  of  which  W  and  «X  are  alfocall’dlt 
Tenailles:  And  it  is  call’d  outward  Flanking- angle toi 
diüinguiQi  it  from  (Fit  inward  Flanking- angle.,  made  byr 
the  concurrence  of  the  Flank  and  the  Rarant-line,J 
when  the  Flank  is  Rafant;  that  is,  when  there  is  no  I 
Second-Bank,  as  UY^;  or  when  there  is  a  Second  Bank,J 
by  the  concurrence  of  the  rafant  Line,  and  the  Second-* 
flank,  as  KTE.  ' 
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The  faid  Rafant-line  makes  with  the  Curtain  m  Plate  2, 
j  acute  Angle, which  is  call'd  diminue,  as 

j  which  is  equal  to  the  Angle  GKf,  made  by  the  Face 
Kl,  and  the  Bafe-line  GK,  becaufe  it  is  Parallel  to  the 
inward  fide  AB,  at  leaft  in  a  Regular  Polygon  ;  And  the 
Capital  AG  with  the  Demi-gorge  AE,  make  the  Angle 
GAE,  which  is  call’d  the  Gor^c-angk,  and  is  always 
equal  to  as  many  Degrees  as  half  the  Angle  of  the  Poly¬ 
gon  wants  of  i8o;  which  half  Angle  of  the  Polygon 
(viz.)  SAB,  is  call’d  û\&  Bafe  angle and  is  equal  to  the 
Angle  SGK^  by  reafon  of  the  Two  Parallels  AB,  GK; 
at  Icafl  when  the  Polygon  is  Regular.  The  other  Terms 
we  fhall  explain  in  their  proper  Places. 

General  Maxims  of  Fortification. 

I. 

,  There  ought  to  he  no  Tlace  in  the  whole  Enceinte  of  the  *  Enchfure, 
FortrefSj  hut  what  is  feen^  orflanUd  by  the  Befieged. 

\  rence, 

‘TXTElhallbegin  by  this  Fundamental  Maxim, becaule 
V  Y  ’tis  the  univerfal  end  of  Fortification,  in  order  to 
fight  the  Enemy  with  Advantage  ;  it  being  certain,  that 
if  there  was  any  part  of  the  Enceinte  of  the  Place, 
which  was  not  well  flank'd,  the  Enemy  cou’d  there  be 
cover'd,  and  take  the  Place  fo  ‘much  the  more  eafily, 
as  he  fliou'd  meet  with  Icfs  Refiftance. 

ir. 

r 

The  length  of  the  great  Fine  of  T>e fence  ought  rather  to  he  - 
within  Musket-fhot.,  than  within  Carmon-Jhot, 

THO’  in  the  defence  of  Places  both  Muskets  andCan- 
nons  are  us'd,  neverthelefs  Reafon  and  Experi¬ 
ence  teaches  us  to  proportion  the  great  Line  of  Defence 
rather  to  the  reach  of  a  Musket,  than  that  of  a  Cannon; 
becaufc  a  Cannon  requires  a  great  deal  of  trouble  to 
be  Charg’d  and  LevelEd,  which  hinders  it  from  being 
often  fir'd;  confumes  a  vafi:  deal  of  Auinmnition  ;  makes 
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mod  commonly  random  or  uncertain  (hots,  and  as  it  is 
very  much  expos’d  to  the  Enemies  Battery,  may  by  one 
Ihotof  the  Enemy  be  render’d  ufelefi;  may  take  wind 
or  biirft,  or  be  difmounted;  and  the  time  loll,  in  re¬ 
placing  it,  or  putting  a  frefh  one  in  its  room,  is  very 
precious,  efpecially  in  an  Aflault:  now  this  wont  hap¬ 
pen  to  Musketeers,  who  may  (hoot  an  hundred,  nay 
two  hundred  (hots,  whiift  one  Cannon  is  firing  ;  befides 
the  defence  by  Musketeers  is  cheaper,  as  well  as  more 
certain  and  eafy  ;  and  this  way  both  Cannons  and 
Muskets  may  be  ufeful,  whereas  if  it  were  otherwife 
we  fliou’d  be  depriv’d  of  the  Musket,  which  is  the  bet¬ 
ter  of  the  two. 

III. 


Meafure 
of  éfeety  a 


The  great  Line  of  Defence  ought  to  he  in  length  about  i%o 

Totfes, 


SINCE  the  great  Line  of  defence  oùght,  by  the 
foregoing  Maxim,  to  be  proportion’d  to  the  reach  of 
Musket-{hot,we  mult  now  determine  the  length  of  that 
Line,  which  is  as  a  Standard  or  Rule  for  all  this  others, 
that  all  thefe  lines  may  be  of  a  length  fit  and  conveni¬ 
ent  to  defend  the  main  Body  of  the  Place  :  and  this  can¬ 
not  be  better  done,  than  by  determining  how  far  a 
Musket  will  kill,  which  at  fartbefi:  is  but  lyo  Toifes. 
Therefore  to  Defend  from  the  Flank  the  Face  of  the 
oppofite  Baftion,  and  repel  the  Enemy  that  attacks  the 
Angle  or  Point  of  it,  the  Line  of  Defence  ought  not  to 
he  above  lyoToifes,  tho’  it  fhou’d  be  as  long  as  poffible, 
to  have  the  fewefl  Baftions  one  can  in  the  fame  En¬ 
ceinte,  by  reafon  of  the  great  Expences  that  they  wou’d 
put  the  Befieged  to.  Neverthelefs,  to  have  a  more  vi¬ 
gorous  refinance,  we  will  fuppofe  the  Line  of  Defence 
of  120  Toifes ,  as  being  a  convenient  diflance  for 
pra6lice  ;  becaiife  we  are  free  to  choofe  any  number 
lefs  than  lyo,  and  more  than  loo  ;  for  were  the  Line 
but  loo  Toifes,  the  Baffions  wou’d  be  too  near  and  too 
fmall;  which  wou’d  iiicreafe  the  number,  and  iellen  the 
flrength  of  the  Baffions  in  the  fame  compafs. 


IV. 
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IV. 

The  Line  of  "Defence  muji  end  in  the  Angle  of  the  Flanh 
rafanty  when  there  is  no  Second-flank. 

IT  mnfl  be  fo,  that  the  Face  of  the  oppofite  Baflion 
may  be  defended  from  the  whole  Flank  ;  for  when 
there  is  no  Second-Bank,  if  that  Line  of  defence,  that 
is,  the  Face  lengthen’d,  fhou’d  cut  the  Rafant-flank, 
part  of  that  Flank,  namely,  that  between  the  Angle 
of  the  Flank  and  the  Rafant-line,  wou’d  be  ufelefs  in 
defending  the  Face  of  the  oppofite  Baüion,  and  fo  the 
length  of  that  Flank  wou’d  increafe  the  charge  to  little 
purpofe;  and  there  can  be  no  greater  fault,  than  not 
to  employ  the  whole  length  of  the  Flank  in  defending 
the  Face  of  the  oppofite  Baflion,  which  being  the  rnofl 
expos’d  to  the  Enemy,  ought  to  be  the  befl  defended, 
and  the  Flank  only  can  defend  it,  fince  a  Line  cannot 
Flank  it  felf. 

V.. 

The  great  efi  Flanks  are  the  befl  y  as  alfo  the  great  ef  De- 
mi-gorges  y  and  the  gre  ate ji  Second  Flanks. 

IT  is  plain  from  the  foregoing  Maxim,  that  the 
greater  the  Flanks  are,  the  fitter  they  are  for  de¬ 
fence;  becaufe  they  can  hold  more  Defenders,  and  when 
they  are  to  be  cover’d,  they  may  have  ftrongerOrillons, 
and  Cafemates  fit  to  receive  more  pieces  of  Cannon, 
without  having  occafion  for  any  more  than  two  Bat¬ 
teries,  a  high  one,  and  a  low  one.  It  is  plain  alfo,  that 
the  gr’eateft  Demi-gorges  are  the  befl,  becaufe  they 
fhorten  the  Line  of  Defence,  are  capable  of  containing 
more  Batteries,  and  that  jointly  with  the  Flank  they 
make  the  Baflion  larger  and  fitter. for  Retrenchments, 
which  the  befieg’d  may  have  ready  as  foonasthe  Ene¬ 
my’s  Mine  has  been  fprung.  And  lafliy  ’tis  plain,  the 
more  fire  is  in  the  Curtain,  the  better  is  its  defence,  at 
lead  when  a  Second.fiank  may  be  had  without  any  pre¬ 
judice  to  the  other  parts  ;  becaufe  ’tis  always  fo  much 
fire  got,  wliofe  obliqiienefs  alfo  is-  the  lefs,  the  more 
'  A  4  fides 
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fides  tliereare  in  the  Polygon: and  becaule generally  the 
length  of  this  Second-flank  increafeth  proportjonably 
with  the  Number  of  the  Battions;  that  is,  the  more  open 
the  Angle  of  the  Polygon  is,  when  the  Flank-angle  is 
That  is,  not  to  be  obtufe  ;  it  is  eafy  to  conclude  that  the  ’^greater 
the  Polygons  are  the  better  they  are,  becaufe  even  ac- 
^avt,  cording  to  our  method  of  Fortifying, which  we  (hall  ex^ 
plain  in  Max.S.ihty  may  have  both  greater  Flanks,  and 
greater  Denii-gorges. 

This  makes  me  wonder  why  feveral  Authors  fliou'd 
îiegleâ  a  Second-flank,  which  to  me  feems  very  ad¬ 
vantageous,  for  the  reafons  already  giyen  ;  befides 
.  when  there  is  no  Second-flank,  it  feems  almoft  impoflible 
in  great  Polygons,  where  the  Ægle  of  the  Figure^  that 
is,  the  Angle  of  the  Polygon,  which  is  alfo  call'd  the 
Angle  of  the  Circumference,  is  very  great  or  open,  to 
hinder  the  Flank'd-angle  from  becoming  obtufe,  which 
I  think  a  confiderable  fault;  becaufe  when  the  Flank'd- 
angle  is  a  right,  or  fomewjhat  under  a  Right-angle,  the 
Tenaille  is  the  clofer,  the  Rafant-line  the  fhorter,  the 
fire  of  the  Curtain  multiplied,  and  the  Capital  of  the 
Battion  increas’d,  which  renders  it  fitter  for  Retrench¬ 
ments,  and  expofes  the  Faces  of  the  Battion  lefs  to  the 
Enemy;  moreover  a  right  Flank’d-angle has  all  the 
ttrength  poffible  ;  for  at  its  point  or  vertex  it  oppofes 
^  That  is  folidity  to  right  ^  Batteries. 

fuch  Battel  We  fhall  add  to  all  theft  reafons  this  following,  which 
r^p/Jdicu-  ^0  me  feems  a  very  ttrong  one,  {viz.)  that  when  there  is 
Taee[^  a  Sccond-flank,  one  may  from  the  Flank-jichant  fhoot 
more  eafily  and  farther  into  a  breach  which  Ihoifd  be 
made  in  the  Face  of  the  oppofite  Battion,  and  fo  be  very 
troublefome  to  the  Befiegers  when  they  have  a  mind  to 
lodge  themfelves  in.  the  breach,  and  one  may  hurt  the 
Enemy  more  in  their  pafling  the  Ditch,  becaufe  from 
a  Flank-fichant  one  may  difeover  more  of  the  Ditch 
than  from  a  F/anh-rafant. 

ptatez.  how  fir  a  Flanhrafant  as  GE,  is  to  defend 

8.  the  Ditch,  and  the  Face  of  the  oppofite  B^^ttion  KH, 
we  ought  not  to  confider  its  length,  but  that  of  the  line 

GR, 
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GR,  which  is  drawn  from  the  Angle  of  the  'Epaule 
Perpendicular  to  the  JRafant-lineElK^  it  being  certain, 
that  the  Flanker afant  EG,  can  hold  iio  more  Musketeers 
to  fhoot  obliquely,  than  the  Perpendicular  GR  can  hold 
that  will  (hoot  flreight  forwards. 

Likewife  to  judge  how  capable' a  Second-flank,  as 
ET,  is  to  defend  the  oppofiteFace  KI,  and  to  oppole 
the  paflage  of  the  Ditch,  its  length  mull  not  be  con- 
fider'djby  reafonof  its  too  great  obliquity, but  the  length 
of  the  line  T</,  which  is  drawn  from  T,  the  end  of  that 
Second-flank,  Perpendicular  to  the  rafant  Line  KT,  for 
the  reafon  before  alledg’d. 

vr. 

The  Flank' d- An ^e  ought  to  he  of  70  degrees  at  le  aft. 

The  Dutch  fulFer  it  to  be  of  6q  degrees,  becaufe  in  the 
Square  they  cannot  make  it  greater,  according  to 
their  manner  of  Fortifying,  which  is  to  add  i  y  degrees 
to  the  Bafe-angle  for  the  angle  pf  the  Baftion,  as  we  fhall 
fay  in  its  place  ;  but,  as  by  our  Method,  which  we  fhall 
explain  in  Max.  8.  we  can  make  the  Flank’d-angle  of 
about  70  degrees  in  the  Square,  which  is  the  firfl  Figure 
that  can  be  ufeful,  the  Triangle  being  of  too  fmall  a 
Compafs,  we  have  fix’d  the  aperture  of  the  Flank’d- 
angle  to  that  nnraber  of  70  degrees,  that  it  may  the 
better  be  able  to  refill:  the  effort  of  Batteries,  if  the 
Enemy  had  a  mind  to  blunt  and  batter  its  Point. 
Whence  it  is  eafy  to  conclude,  that  no  angle  of  a  Poly¬ 
gon,  lefs  than  a  right  one,  can  be  well  Fortified,  and 
therefore  that  a  Triangle  is  always  imperfeét.  ' 

,  '  vn. 

T he  Flank  ought  to  have  one  part  cover'd. 

AS  the  Flank  is  intended  only  for  the  defence  of 
the  Place,  and  is  the  chief  part  that  fights  for  its 
fafety,  fb  we  ought  to  negled  nothing  that  may  con¬ 
tribute  to  its  prefervation,  and  hinder  it  from  being 
deftroy’d.  Tho’  the  Dutch  make  no  Orillons  to  cover 

their 
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Flanks,  thinking  perhaps  that  fitnple  Flanks  dif^ 
cover’d  the  Field  better,  and  that  they  were  enough 
cover’d  by  the  Outvûorks^  or  detach'd  Pieces  y  which  they 
generally  make  before  the  Curtains  :  yet  Experience 
\has  fliew^d  in  many  Sieges,  that  the  defence  of  a  fimple 
Flank  was  quickly  ruin’d,  and  that  fuch  a  Place  has 
been  forc’d  to  capitulate,  as  foon  as  a  Lodgment  was 
made  on  the  Counterfearp. 

An  OrilJon,  andefpecially  a  round  one,  is  very  ufe- 
ful,  becaufe  it  molefts  the  Enemy  very  much  whiUthe 
is  paffing  the  Ditch,  and  alfo  the  Miner,  what  place 
foever  he  works  in  ;  “  and  can  cover  at  leafl  Two 
pieces  of  Cannon,  which  tho’  they  can’t  be  difmounted 
by  the  Enemy’s  Cannon,  yet  difeover  the  Miner,  the 
Breach,  and  a  good  part  of  the  Ditch.  Since  there  are 
fb  many  Advantages,  we  ought  to  prefer  a  cover’d 
Flank  to  a  fimple  Flank,  which  is  the  more  expos’d  to 
the  Enemy  the  greater  it  is,  as  it  wou’d  be  in  our  Me¬ 
thod,  becaufe  its  Front  towards  the  Enemy  is  greater. 

VIII. 

The  Flank  ought  neither  to  he  Terpendicular  to  the  Cur¬ 
tain^  nor  to  the  Line  of  Defence^  nor  to  the  Pace  oj  the 
Bajiion. 

ERrard  has  drawn  the  Flank  perpendicular  to  the 
Face  of  the  Baflion,  the  better  to  cover  it  with¬ 
out  need  of  Orillons  ;  but  by  covering  it  fo  much,  he 
made  it  too  fmall  and  ufelefs,  the  Gorge  too  narrow,  the 
^  Embrafures  too  oblique,  and  the  Ditch  not  enough 
defended.  The  Chevalier  de  Villey  and  feveral  others 
have  made  it  Perpendicular  to  the  Curtain,  the  better 
to  defend  from  thence  the  Gates  and  Bridges  which  are 
commonly  made  about  the  middle  of  the  Curtain  ;  but  it 
has  been  obferv’d,  that  in  Figures  of  many  fides  the 
angles  of  the  Merlons  oppos’d  to  the  Batteries  were  yet 
too  acute,  and  the  Ditch  ill  defended.  Laflly,  Count 
TagAn]\2is  made  the  Flank  Perpendicular  to  the  rafant 
Line,  that  is,  to  the  lengthned  Face  of  the  oppofite 
Baflion,  the  better  to  defend  it,  but  a  Flank  thus  drawn, 

to 
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:  to  me  feems  too  oblique,  too  final],  and  too  much  Expos’d 
i;  to  the  Enemy’s  Cannon  v  efpecially  when  it  is  not 
j  cover’d.  Wherefore  we  fhall  take  a  Medium  between 
j  the'twolaft,  as  the  mofl  proper,  by  drawing  the  Flank 
from  the  Center  of  the  Place. 

Our  way  of  Fortifying  therefore  is,  firfl:  to  draw 
i  the  Flanks  from  the  Center  of  the  Place,  which Teems 
impoflible  to  be  done  in  irregular  Figures  that  have  nt> 

]  Center  ;  but  yet  we  Ihall  find  means  to  Fortify  irregular 
:  places  by  that  Rule  :  and  we  fhou’d  not  adhere  To  firmly 
:  to  this  way,  if  it  had  not  very  confiderable  advantages. 

Tho’  ’tis  impoflible  to  eliablifli  any  general  Rule 
c  of  Fortifying,  but  what  will  be  defeftiveat  length,  by 
reafon  of  the  difference  of  the  Angles  indifferent  Poly- 
j  gons  ;  neverthelcfs,  we  (hall  here  eflablifh  a  Rule  for  a 
■  regular  Polygon,  which  will  be  as  general  as  poflible, 

I  by  afligning  to  the  Flanks  and  Demi-gorges  fuch  pro- 
:  portions  as  may  fuit  with  the  nature  ot  every  Polygon  : 
!  giving  the  inward  fide  of  the  Polygon  120  Toifes,  that 
:  the  great  Line  of  Defence  may  be  about  that  length, 
I  according  to  the  Demi-gorge,  as  many  Toifes 

J  more  than  20,  as  the  Polygon  to  be  Fortify’d  has  fides  ; 
fo  that  in  the  fquare  the  Demi-gorge  will  beof  24Toifes, 
of  1$  in  the  Pentagon,  of  in  the  Hexagon,  and  fo  on  as 
far  as  the  Decagon,  in  which  the  Denii-gorge  being  of 
3oToires  is  to  continue  fo  in  greater  Polygons  :  and  the 
Flank  an  equal  number  of  Toifes  to  four  times  the 
number  of  tfie  fides  of  the  propos’d  Polygon  ;  that  is, 
16  Toifes  in  the  Square,  20  in  the  Pentagon,  24  in  the 
Hexagon,  and  fo  on  as  far  as  the  Decagon,  where  the 
Flank  being  of  40  Toifes,  remains  of  that  bignefs  in 
E  greater  Polygons;  that  is,  in  fuch  as  have  more  fides. 

The  reafon  of  this  increafe  of  Demi  gorges  and 

I  Flanks  is  drawn  from  the  nature  of  Polygons,  which  as 
the  number  of  their  fides  increafes,  have  the  Angles 
more  open,  which  confeqiienily  mufl  be  capable  of 
i  receiving  greater  Baflions  ;  and  lealt  they  (hon’d  be 
f  vaftly  large,  we  have  fix’d  the  Derai-gorges  at  ^oToife^ 
i  in  the  Decagon,  and  the  Flanks  at  40  ;  and  if  any  one 

thinks 
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thinks  ^em  too  large,  they  make  'em  lefs  than  that  We 
fliall  in  the  beginning  of  the  jd  Part^  give  another  more 
general  Method  by  which  the  Flanks  are  not  made  fo 
great  as  here  ;  but  then  the  Demi-gorges  become  great- 
er,  ftill  increafing  as  the  Polygons  ;  without  being  ob¬ 
lig'd  to  fix  'em  at  fuch  a  bignefs,  as  in  the  foregoing 
Method  :  for  when  the  Polygons  become  great,  the 
Demi-gorges  increafe  fo  little  according  to  that  Me¬ 
thod,  that  they  cannot  exceed  36  Toifes  upon  an  in¬ 
ward  fide  of  120  Toifes,  in  a  Polygon  of  30  fides. 

IX. 

Fortrefs  ought  to  he  equally  flrong  every  where  ;  and 
to  command  all  the  places  round  about* 

The  firft  part  of  this  Maxim  is  felf-evident  ;  be- 
caufe  an  inequality  of  ftrength  (hews  the  Enemy 
the  weakefl:  fide  of  the  place,  which  confequently  he 
mull  attack  :  the  Second  is  alfo  evident,  becaufe  other- 
wife  the  Enemy  wou'd  cover  his  defigns,  his  approaches 
wou'd  be  favour’d,  and  he  might  with  eafe  batter  and 
ruin  the  place. 

X. 

Such  Works  as  are  near  eft  to  the  Center  of  the  Thee  ought 
always  to  he  higher  than  thofe  that  are  farther  off. 

FO  R  thus  fuch  Works  as  are  farthefl:  off,  lowed,  and 
molt  exposM  to  the  Enemy,  who  may  eafily  take 
’em,  will  be  the  better  difeover’d  from  the  neareft  and 
higheft  ;  from  whence  confequently  they  may  be  de¬ 
fended,  and  the  Enemy  repell'd,  being  hind  red  from 
covering  himfelf  in  fuch  pieces  as  he  has  taken. 

XI. 

The  foregoing  Maxims  muji  he  made  to  agree  with  one 
another  y  as  much  as  pojjihle, 

T  Say  as  ranch  as  poflible,  becaule  when  we  wou’d  too 
*  ftriilly  obferve  one  Maxim,  we  often  deviate  from 
another  more  confiderable  :  for  example,  if  we  have  a 

mind 
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mind  to  increafe  the  Second-flank,  either  the  Flank  or 
Flank'd- Angle  will  be  dirainilh’d,  and  the  Face  of  the 
Baftion  increas’d  to  no  purpofe  :  if  we  have  a  mind  to 
have  the  Angle  of  the  Baflion  very  much  open,  the 
good  defence  that  it  may  receive  from  thé  Curtain  is 
taken  from  it,  and  it  becomes  more  expos’d  to  the  Ene¬ 
my’s  Cannon:  if  we  wou’d  have  a  Gorge  fomewhat 
great ,  the  Face  of  the  Baftion  becomes  alfo  great 
which  is  a  fault  ;  becaufe  the  longer  a  Face  is,  the 
weaker  it  is,  the  Enemy  attacking  it  froÿii  a  larger 
Front  ^  and  they  want  only ;  â  length  as  may  make 

^em  ufeful  for  the  defence  of  O ut- works,. :w hen  there 


are  any.  In  fine,  there  is  every  where  advantage  and 
difad  vantage-;^  and  ôiir>reafon:is  to^jndge  whether  it  be 
more  advantageous  to  adhéré  to  bne  Maiim,  than  it 
is  prejudicial  to  recede  frdm  another  ;  moderating  the 
-thing  in  fuch*  manner,  ’thatuhe  FOFtificaiion-may.not 
greatly  differ  from  the  principal  Maxiais.  f  •'  -  ' 
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Place  is  feldoni  regular  of  it  felfj  but  tv^hen 
T  there  is  Field- room  aboutit,  from  an  irre¬ 
gular  one  ma^ï*  eafily  make  it  a  regular  one, 
which  ought  to  be  done  as  often  as  one  can 
conveniently,that  theFortrefs  maybe  equally  Defended 
in  every  Place.  One  might  by  Max,  3.  give  the  fide  of 
the  regular  Figure  lyo  Toifes,  to  the  intent  that  the 
line  of  Defence  fhou’d  be  about  that  length,  and  that 
fo  the  Place  (hou'd  have  the  fewefl:  Battions  that  may 
be,  to  avoid  expence  ;  but  if  we  wou'd  have  a  more  vi¬ 
gorous  Defence,  and  fire  upon  the  Enemy  from  a  lefs 
dittance  and  Purer,  we  mutt  give  only  120  Toifes  to 
the  inward  fide  of  the  Polygon. 

To  find  out  the  number  of  the  fides  of  the  regular 
Figure,  that  the  irregular  one  propos’d,  or  fuch  a  re¬ 
gular  one,  whofe  fides  are  either  too  long  or  too  (hort, 
may  be  turn’d  into;  we  mutt  divide  the  whole  Circum¬ 
ference  or  Perimeter  of  the  Figure  to  be  reduc’d  by  120, 
if  the  great  Line  of  Defence  is  to  be  of  about  i  loToifes, 
and  by  140,  if  we  wou’d  give  the  great  Line  of  Defence 
140  Toifes^  and  the  Qiiotient  will  be  the  number  of 
the  fides  of  that  regular  Figure,  to  which  the  given 
Figure  may  be  reduc’d. 

This  reduction  is  eafy  to  put  in  Praftice,  when  the 
Place  to  be  Fortified  is  not  extremely  Irregular,  as  the 
irregular  Hexagon  ABCDEF,  whofe  fides  are  fuppos’d 

°  to 


'0 


\ 


N 


\ 


\ 


I 


«  •-  I 


‘m 


I 


\ 


\ 


\  ■ 


I 


# 


; 


ri 


|r 


I 


I 


Of  Regular  Voxti?iQ2iûon\  15 

to  be  of  as  many  Toifcs  as  you  fee  mark’d  within  the 
Figure;  for  tho’ of  its  Nature  it  has  no  Center,  one  may 
eafily  find  its  Center  by  approximation,  Quiz.)  by  find¬ 
ing  the  center  of  a  Circle,  which  pafles  thro’  the  Three 
mofbdiftant  Angles  of  the  Figure,  as  A,  C,  E,  and  that 
center  G  nnili  be  taken  for  the  Center  requir’d,  without 
any  cpnfiderable  error;  for  as  Fortification  is  butaa 
Art,  it  would  be  ridiculous  to  go  to«obferve  in  it  the 
Rules  of  Geometry  in  their  greateft  ftriétnefs. 

Having  thus  found  the  center  G  of  hhéîrregnlar  Fi¬ 
gure  ÂBCDE,  defcribe  a  Circle' whofe  Radius  muft  be 
the  fame  with  that  of  the  regular  Figure,  which  has 
been  found  by  dividing  the  Perimeter  of  the  irregblar 
one  by  iio.  This  Radius  will  be  found  in  the  follow¬ 
ing  Table,  which  (liews  the  quantity  of  Radii  of  re¬ 
gular  Polygons  from  the  Square  to  the  Dodecagon,  the 
inward  fide  being  fuppos’d  of  120  Toifes  ;  and  likewife 
the  quantity  of  the  chief  Lines  and  Angles  of  all  the 
Polygons  that  are  Fortified  our  Avay  ,  which  fuits 
pretty  well  with  the  Maxims  of  good  Fortification. 
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If  then  the  circumference  of  a  Circle  be  deferib’d  pute  t. 
from  the  center  G,  with  the  Radius  that  will  be  found  n 
in  the  foregoing  Table,  in  the  Column  under  the  Poly¬ 
gon,  which  has  been  found  by  the  divifion,  the  diflance 
of  120  Toifeswill  divide  that  circumference  into  as 
many  equal  Parts  as  the  Polygon  has  fides  :  If  therefore 
the  points  of  the  divifion  be  join’d  by  Right-lines^  one 
fliall  have  a  regular  Polygon,  whole  Perimeter  will  be 
equal  to  that  of  the  Polygon  to  be  Fortified,  and  whole 
Area  will  be  much  the  fame  with  that  of  the  faid  Po¬ 
lygon,  I  have  faid  much  the  fame  ;  becaufe  it,  does  not 
follow  that  diffimilar  Figures,  which  are  Ifoperimetery 
that  is,  of  the  fame  outward  Compafs  or  Perimeter, 
fhou’d  be  equal. 

In  this  Example,  by  adding  together  all  the  fides  of  \ 
the  given  irregular  Hexagon  ABCDE,  we  fliall  find  its 
Perimeter  to  he  of  840  Toifes,  which  being  divided  by 
120,  the  quotient  7  fliews  that  the  irreguiar  Hexagon 
ABCDE  may  be  reduc’d  to  a  regular  Heptagon,  wbofe 
fides  are  120  Toifes  each,  and  whole  Perimeter  will  be 
the  fame  with  that  of  ABCDE  the  propos’d  Hexa¬ 
gon,  namely  of  840  Toifes.  And  becaiife  the  Radius 
of  a  Heptagon  in  the  foregoing  Table  is  found  to 
be  of  about  158  Toifes,  if  with  the  diftance  of  ig8 
Toifes  a  Circle  be  drawn  about  the  center  G,  the  di¬ 
fiance  of  120  Toifes  will  divide  it  into  Seven  equal 
parts,  and  we  fliall  have  a  regular  Pleptagon,  initcad 
of  the  irregular  Hexagon  ABCDE.  What  remains  is 
to  teach  the  manner  of  Fortifying  that  Heptagon,  and 
all  other  Polygons. 


How  to  Fortify  a  Square^ 

THO’  a  Iquare  Place  be  not  very  fit  to  be  Fortified, 
having  too  fmall  an  Æea^  and  Angles  too  acute 
to  receive  Battions  of  confiderable  Strength,  by  rtafon 
of  the  obliquenefs  of  their  Flanks  ;  yet  I  won^t  omit  to 
Ihew  the  Manner  of  Fortifying  it,  becaufe  it  may  ferve 
for  a  Citadel, and  to  begin  with,in  our  Method  ;  it  being 
the  Firft,  as  the  Hexagon  is  the  Second,  and  the  Hep 
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tagon  the  Third,  of  the  Figures  ;  for  the  Triangle 
is  too  imperfefl  to  be  reckon’d  in  the  number  of  fuch 
Figures  as  be  well  Fortified  and  Defended. 

^  Let  ABCD  be  a  Square,  which  we  wou’d  Fortify; 
2  whofe  center  P  is  found  by  the  interfe£lion  of  the  Two 
'  Diagonals  AC,  BD,  each  fide  of  which,  is  fuppos’d  to 
be  of  no  Toiles:  Take  upon  each  of  thefe  fides  the 
Demi-gorges  AE,  BF,  each  of  24  Toifes,  and  from 
the  center  P  thro’  the  Points  EF,  draw  the  Flanks  EG, 
FH,  of  16  Toifes,  after  which  from  the  fame  Points 
E,  F,  thro’  the  Points  H,G,  draw  the  Rafant-lines  EHK, 
FGI,  which  will  at  the  Points  I,K,  cut  the  lengthned 
Diameters,  and  thofe  interférions  will  make  the  Points, 
or  Angles  of  the  Baflions  ;  and  this  is  the  whole  Opera* 
tion.  What  remains  now,  is  to  explain  the  Terms,  tho’ 
they  have  been  explain’d  elfewhere. 

APB  Angle  of  the  Center. 

A  BC  Angle  of  the  ToJygon, 

^  f  Q„  F^^^nk  W-  Angl e. 

GO  H  Flanking*  /^ngle. 

IG  E  Angle  of  the  Epaule, 

GEF  Angle  of  the  Flank, 

EFG  Angle  diminué. 

APE  Fla riF forming  Angle, 

ABCD  Tolygon, 

EGIQR  Bajiion. 

^  AB  Invoarà  fide, 

LM  Outward  fide, 

'  AP  Radius. 

EG  Flank. 

EF  Curtain. 

EB,  Lengthned  Curtain, 

^  ^  G I  Face  of  the  Bafiion,  ’ 

F  [  Line  of  Defence, 

AI  Capital  Line, 
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Every  Plan  ought  to  have  its  particular  Scale,  as  the 
Firll:  Figure  has  its  own,  to  take  upon  it  the  neceflary 
Meafures;  but  we  have  not  made  any  for  the  other  Fi¬ 
gures,  becaufe  it  is  eafy  to  make  one,  by  dividing  a  Line 
equal  to  the  inward  fide  AB,  into  120  equal  Parts, which 
will  reprefent  Toifes,  or  by  applying  the  length  of  the  .  ^ 
inward  fide  AB,  which  is  120  Toifes,  to  120  upon  the 
equal  parts  of  the  Corapafles  of  Proportion, 

How  to  Fortify  a  Tent  agon  > 

A  Pentagon  is  fit  to  make  a  Fort  of  fufEcient 

Strength,  becaufe  its  Flanks  are  greater  and  lefs  i 
inclin’d  than  in  the  Square  ;  the  Figure  being  of  fuch 
a  Shape,  that  in  Fortifying  it,  one  may  obferve  mofl  of 
the  Maxims  which  are  requir’d  in  good  Fortification. 

To  Fortify  it,  take  upon  the  inward  fides  AB,  BC,CD^ 
which  we  (hall  almofi  always  fuppofe  of  120  Toifes, 
the  Denii-gorges,  AE,  BF,  ^c.  of  2y  Toifes  each,  and 
draw  as  before,  from  the  center  P,  thro’  the  points 
E,  F,  the  Flanks  EG,  FH,  of  20  Toifes  each,  to  draw  ^ 
aifo  as  before ,  from  the  fame  points  E,  F,  thro’  the 
points  H,  G,  the  Rafant-lines  EK,  FI,  which  will  by 
their  interfeélion  upon  the  lengthned  Radii  PE,  PA^ 
give  the  Points  of  the  Baftions  at  K,  and  I, 

How  to  Fortify  an  Hexagon. 

The  Hexagon  is  yet  fitter  than  the  Pentagon,  to  4» 
make  a  Fort  well  Defended,  becaufe  its  flank’d 
Angle  will  be  more  open,  the  Flank  greater,  and  left 
oblique. 

To  Fortify  it,  take  upon  the  inward  fides  AB,  BC^ 

CD,  which  are  always  fiippos’d  of  120  Toifes,  the 
Demi-gorges  AE,  BF,  (^c.  of  26  Toifes  each  ;  and  ha¬ 
ving,  as  before,  drawn  from  the  center  P,  thro’  the 
ends  E,  F,  of  the  Curtain,  the  Flanks  EG,  FH,  of  24 
Toifes  each,  finifh  the  reft  as  in  the  Two  foregoing 
Polygons. 

B  7. 
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How  to  V  Of  tiff  an  Heptagon, 

H  E  Heptagon  is  yet  better  than  the  Hexagon,  as 
weU  becaufe  the  Flank  becomes  greater,  and  lefs 
inclin’d,  as  becaufe  both  the  Flank’d-angle  and  the 
Demi-gorge  become  alfo  greater.  » 

To  Fortify  it,  make  the  De  mi- gorges  AE,  BF,  of  27 
Toifes  each,  and  the  Flanks  EG,  FH,  of  28  Toifes 
each,  which  mail  always  be  drawn  from  P  the  Center 
of  the  Place;  after  which  I,  K,  the  Points  of  theBa- 
fiions  will  be  found,  by  means  of  the  Rafant-lines 
FGl,  EHK,  as  in  the  foregoing  Polygons. 

In  the  Odogon,  give  each  Demi-gorge  28  Toifes, 
i^/^7  8  Flank  52.  In  the  Enneagon  29  for  the  Demi- 

’  ^tid  36  for  the  Flank,  and  in  the  Decagon,  and  all 

the  other  Polygons  that  follow  it,  make  the  Demi-gorge 
of  30,  and  the  Flank  of  the  Ballion  of  40  Toifes  ;  the 
Point  of  the  Baflioa  will  be  every  where  found  by 
drawing  a  Rafant-line  ol  Defence,,  at  leafl  when  the 
Angle  of  the  Baflion  does  not  happen  to  be  obtufe; 
for  when  it  becomes  obtufe,  it  mufl  be  rendred  right  by 
means  of  a  Semi-circle  defcrib’d  upon  both  the  Flanks, 
to  have  a  Second-ffauk  .upon  the  Curtain,  as  we  fliall 
fay  more  particularly  in  the  Chevalier  de  faille's  man¬ 
ner  of  Fortification. 

How  to  kmw  the  Angles  and  Lines  of  a  Polygon  Forth 
fied.^  by  the  foregoing  Method. 

TH  E  parts  of  a  Polygon  Fortified  by  any  Method 
whatfoever,  may  be  eafily  known  by  the  particu¬ 
lar  Scale  of  the  Plan,  or  by  the  Corapafles  of  Proportion, 
which  may  ferveas  a  Scale  for  all  manner  of  Plans;  or 
rather  by  Trigonometry,  without  having  occafion  for 
a  Plan  exadly  Fortified,  provided  the  Method  be  known 
according  to  which  we  have  a  mind  to  Fortify  it,  as 
you  will  fee  in  the  Two  following  Examples,  which 
will  ferve  proportionably  for  all  the  other  Polygons 
that  may  be  Fortified  by  our  Method. 

The 


Of  T^egular  Fortification.  2 1 


( 

The  Trafike  of  it  upon  ^  an  OBogon. 


The  inward  fide  AB  being  fupposxi  of  no  Toifes,^^^^^ 
the  Demi-gorges  AE,  BF,  will  be  of  i8  Toifes 
each,  the  Flanks  EG,  FH,  of  i  x  Toifes  each,  and  the 
rell:  will  be  found  by  computation  alter  the  fame 


manner. 


If  the  Demi-gorge  AR,  28,  be  taken  from  the  inward  • 
fide  AB,  120,  the  remainder  will  be  p2  Toifes  for  the 
lengthned  Curtain  EB,  from  which  if  the  Demi-gorge 
BF,  28,  be  alfo  taken,  the  remainder  will  be  64  Toifes 
for  the  Curtain  EF. 

If  the  whole  Circle  or  360  Degrees  be  divided  by  the 
number  of  thefides  of  the  Figure,  as  here  by  8,  the  Quo¬ 
tient  will  be  45”  Degrees  for  the  Angle  of  the  Center 
APB,  which  being  taken  from  18c  Degrees,  there  will 
be  left  for  the  Angle  of  the  Polygon  ABC,  half  of 
which  will  be  67  Degrees  and  30  Minutes  for  the  An¬ 
gle  of  the  Bale  ABP. 

By  means  of  thofe  Lines  and  Angles  thus  known, 
the  other  Lines,  and  the  other  Angles  will  be  eafily 
known  by  Trigonometry,  as  you  will  fee. 

Firfl:  to  find  out  the  Radius  AP,  in  the  Ifofceles  Tri¬ 
angle  APB,  in  which  befides  the  Angles,  the  Bafe  AB 
of  120  Toifes  is  known;  one  mufl  make  this  Analogy, 


As  the  Sine  of  the  Angle  of  the  Center  ATB 

To  its  oppo'fite  fide  AB  12b 

So  the  Sine  of  the  Bafe  angle  A BT  •  92388 

To  its  oppofite  fide  AT  y. 

* 

and  the  Radius  will  be  found  of  iy5  Toifes  and  about 
y  Foot. 

If  you  wou’d  have  an  Analogy,  which  begins  by  the 
whole  Sine,  and  is  more  fit  for  Prailice,  let  it  be  thus, 


As  the  whole  Sine  loooco 

To  the  Secant  of  the  Bafe -angle  ABT  26  £  3 1 3 
So  half  the  inward  fide  AB  60 

To  the  Radius  AT)  BT  rs6-  ÿ 

B  ^  By 
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By  the  means  of  that  Radius  AP,  thus  known  to  be 
.  of  1^6  Toifes  and  5  Foot,  one  may  know  the  Angle  of 
the  Flank  GEF,  or  its  equal  AEP,  in  the  oblique-angled 
Triangle  APE,  in  which  the  Two  fides  AE  ol  28 
Toifesji  and  AP  of  iy()  Toifes  and  5^  Foot  are  known, 
as  alfo  the  Angle  ExAP  which  they  make  of  6*7  Degrees 
and  50  Minutes,  in  the  following  manner: 

Add  together  the  Two  fides  AE,  AP,  to  have  their 
fum  of  184  Toifes  and  $  Foot,  and  take  the  leafl  AE 
from  the  greatefl  AP,  to  have  128  Toifes  y  Foot,  their 
difference.  Take  out  from  180  Degrees  the  known 
Angle  EAP,  67.  30'.  and  112.  30’.  will  remain  for 
the  fum  of  the  unknown  Angles  AEP,  APE,  half  of 
which  is  Then  make  this  Analogy, 

the  fum  of  the  fides  AP  184. 

To  the  difference  of  the  fame  fides  AE^  AP  1 28.  y. 
So  the  Tangent  of  half  the  fum  of  the  Angles  AEP, 
APE  149661 

To  the  Tangent  of  half  then  difference  1043 17. 

to  which  about  46.  13'.  anfwers  jn  the  Tables  for  half 
the  difference  of  the  fame  Angles,  AEP,  APE,  which 
being  added  to  half  their  fum  5^6.  ly*.  we  (hall  have 
102.  28'.  for  the  greateff  Angle  AEP,  or  for  the  Angle 
of  the  Flank  GEF,  which  is  the  Angle  requir’d. 

By  means  of  the  Angle  ol  the  Flank  GEF  thus 
known  to  be  of  102  Degrees  and  28  Minutes,  one  may 
in  the  fame  manner  know  the  Angle  diminue  EFG  in 
the  oblique  angled  Triangle  GEF,  where  the  Two  fides 
are  known  EG  of  32,  and  EF  of  64Toifes,  as 

alfo  GEF  the  Angle  which  they  make  of  102.  28'. 
after  this  manner. 

Add  together  the  Two  fides  EF,  EG,  to  have  96 
Toifes  their  fum  ;  then-take  the  leaf!  EG,  32,  from  the 
greatéff  EF,  64,  to  have  their  difference  of  32  Toifes. 
Take  the  known  Angle  GEF,  102.28'.  from  180  De¬ 
grees,  and  there  will  remain  77  Degrees  and  32  Minutes 
for  the  fum  of  the  Two  unknown  Angles  EFG,  EGF, 
then  make  this  Analogy,  '  As 


Of  Regular  of  Fortification,  2  5 

the  ftm  of  the  fides  EG^  EF  5)5  pute 

To  the  difference  of  the  fame  Jides  EGy  EF  3  2  Fig.  7 

So  the  Tangent  of  half  the  [urn  of  the  Angles  EF  G  y 
EGF  80305 

T 0  the  Tangent  of  half  their  difference  26768 

to  which  about  14.  anfwers  in  the  Tables  for  half 
the  difference  of  the  laid  Angles  EFG,  EGF,  which  be^ 
ing  taken  from  half  their  fum  38.  46'.  the  remainder 
will  be  23  Degrees  and  47  Minutes  for  the  Angle  di^ 
minui  EFG,  which  is  the  Angle  requir'd. 

If  to  this  Angle  diminue  thus  found  to  be  of  23,; 

47'.  we  add  GEF  the  Angle  of  the  Flank  ,  which 
we  have  found  to  be  of  120.  28'.  we  fhall  have  126, 
for  the  Angle  of  the  Epaule,  EGf,  or  FHK: 

And  if  47.  34'.  which  is  double  the  Angle  diminue^  be 
taken  from  120  Degrees,  the  remainder  will  be  132.  26', 
for  the  outward  P'lanking'angle  GOH,  from  which,  if 
APB  the  Angle  of  the  Center  of  45-  Degrees  be  taken, 
the  remainder  will  be  Si.  26'.  for  the  Flank’d-angle 
GIQ,  which  will  be  alfo  found  by  taking  from  the  An¬ 
gle  of  the  Polygon,  which  is  of  Degrees,  47-  34'. 
being  double  the  Angle  diminué  EFG,  which  has  been 
found  to  be  23.  47'.  and  which  being  taken  from  the 
Angle  of  the  Flank  GEF^  that  we  have  found  to  be  of 
102.  28'.  the  remainder  will  be  78  Degrees  and  41 
‘Minutes  for  the  inward  Flanking-angie  GEO. 

In  the  oblique-angled  Triangle  AFl,  in  which  bc- 
fides  all  the  Angles,  we  know,  the  fide,  or  lengthen’d 
Curtain  AF  of  p2  Toifes,  we  may  find  the  Line  of  De¬ 
fence  FI,  and  the  Capital  AI,  by  the  Two  following 
Analogies, 

As  the  Sine  of  AIFy  which  is  half  of  the  Flank'd.^ 


angle  §iffG  65109 

To  the  lengthned  Curtain  A  F  52 

So  the  Sine  of  the  Angie  of  the  Gorge  I  AF  92388 

To  its  oppqfite  fide^  or  Line  of  defence  FI  i 

which  we  (hall  find  to  be  of  122  Toifes,  and  about  5: 
Foot.  B;  4  '  As. 


24 
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As  the  Sine  of  Al F  which  is  half  of  the  V lank' d- angle 
%IG  69109 

To  its  oppojite ^ fide  or  lengthned  Curtain  AF  pz 

So  the  Sine  of  the  Angle  diminué  IF  A  40^28 

lo  the  Capital  A  I  4- 


which  we  fhall  find  to  be  of  y 3  Toifes,  and  about  4 
Foot,  to  which,  if  we  add  the  little  Radius  AP,  which 
we  have  found  to  be  of  15-6  Toifes  and  Foot,  we 
fliallhave  210  Toifes  and  3  Foot  for  the  great  Radius 
PI,  .or  PK,  by  means  of  which,  one  may  find  the  out¬ 
ward  fide  IK,  by  making  the  following  Analogy  in  the 
Ifofceles  Triangle  IPK, 


As  the  Sine  of  the  Angle  of  the  Bafe  TIK  92388 
To  the  great  Radius  TK  210.  3. 

So  the  Sine  of  the  Angle  of  the  Center  IT  K  ^0711 

To  the  out  ward  fide  IK  161 


which  we  fliall  find  to  be  of  about  161  Toifes. 

Or  elfe- by  making  in  the  Two  fimilar  Triangles 
APB,IPK,  this  other  Analogy, 


As  the  little  Radius  AP  •  iy6.  y-. 

Ih  the  inward  fide  AB  120 

So  the  great  Radius  IP  210.  3. 

To  the  outward  fide  IK  161, 


But  the  readiefl  of  all  the  Analogies,  is  the  follow¬ 
ing,  which  begins  by  the  whole  Sine, 


As  the  whole  Sine  ,  i  o  o  o  o  o 

To  double  the  great  Radius  IP  421 

So  the  Sine  of  half  the  Angle  of  the  Center  IP K 

38268 

To  the  outward  fide  IK  161. 


To  find  out  the  Face  GF,  which  is  not  the  fide  of  a 
Triangle, the  line  FG  muft  firft  be  found  in  the  oblique- 
angled  Triangle  EFG,  by  this  Analogy, 


As 
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jés  the  Sine  of  the  Angle  diminue  EFG  '  40328 

ToitsoppofitefideEG  32 

So  the  Sine  of  the  Angle  of  the  Vhn\GEF  9^642 
To  its  oppo/ite  fide  FG  '77.  2. 


which  we  (hall  find  to  be  of  about  77  Toifes  and  1  Foot, 
w'hich  if  we  take  from  the  Line  of  Defence  FI,  which 
has  been  found  to  be  of  122  Toifes  and  3  Foot,  for  the 
Face  GI,  which  was  required, 

« 

The^Praffice  of  it  upon  an  Enneagon. 

HE  inward  fide  AB being  always  fuppos'd  of  120  pute  2. 

^  Toifes,  the  Demi-gorge  AE,  or  BF  will  be  of  29  F/g*  s. 
Toifes,  and  the  Flank  EG,  or  FH  of  36.  The  reft  will  ’ 
be  thus  known  by  computation. 

If  from  the  inward  fide  AB,  120,  the  Demi-gorge  BF, 
ap,  be  taken,  the  remainder  will  be  pi  Toifes  for  the 
lengthned  Curtain  AF,  from  which,  taking  the  other 
Demi-gorge  AE,  2p,  we  fhali  have  62  Toifes  for  the 
Curtain  EF. 

If  the  whole  Circle  be  divided  by  the  number  of  the 
fides  of  the  Figure,  that  is  36’o  by  p,  the  Quotient  will 
be  40  Degrees  for  the  Angle  of  the  Center  APB,  which 
being  taken  from  180  Degrees,  the  remainder  will  be 
.  140  Degrees  for  the  Angle  ABC  of  the  Polygon,  half 
of  which  is  70  Degrees  for  the  Angle  of  the  Bafe  ABP. 

By  the  means  of  thefe  Lines  and  Angles  thus  known, 

^twill  be  eafy  to  find  out  the  other  Lines  and  Angles  by 
Trigonometry,  in  this  manner.  ^ 

Fir  ft,  to  know  the  Radius  AP  or -BP,  we  niiift  make 
the  following  Analogy  in  the  Ifofceles  Triangle  APB, 

t 

As  the  Sine  of  the  Angle  of  the  Center  ATB  ^4279 
To  the  oppofite  inward  fide  /IB  120 

So  the  Sine  of  the  Angle  of  the  Bafe  ABT  P3p6p 

To  its  oppofite  Jide^  or  the  Radius  AF  I7y.  2.  :/ 

that  we  (hall  find  to  be  of  1 7y  Toifes,  and  about  2  Foot. 

The  Analogy  beginning  with  the  whole  Sine,  is  thus, 

As 


Mate  2. 
S. 
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ÂS  the  vùhole  Sine  looooo;  I 

To  the  Secant  of  the  Angle  of  the  Safe  ABT  25^2  380) 

So  half  the  inward fide  AB  do) 

To  the  Radius  AT^  or  BV  175'.  2.. 

By  means  of  this  Radius  AP  thus  known  of  175" 
Toifesand  2  Foot, one  may  know  the  Angle  of  the  Flank:r 
iGEF,  or  its  equal  AEP,  in  the  oblique-angled  Triangle"  ^ 
APE,  in  this  manner  :  Î 

Add  together  the  fides  AE,  AP,  to  have  their  fum  of:  ! 
204Toifes  and  2  Foot,  and  take  the  leafi:  ÂE  from  the; 
greatefl:  AP^  to  have  their  difference  of  146  Toifes  and!  ^ 
2  Foot.  Take  the  known  Angle  FAE  ü‘om  180  De-|l 
grees  to  have  for  the  remainder  1 10  the  Turn  of  the  un-jî 
known  Angles  AEP,  APE,  half  of  which  is  75  Dc-j 
grees  :  and  make  this  ^Analogy,  | 

As  the  fum  of  the  fides  AE^  AT  204.  2,. 

To  the  difierence  of  the  fame  fides  AE^  AT  146.  2.. 

So  the  Tangent  of  half  the  fum  of  the  Angles  AErP^y 
ATE  142815'? 

To  the  Tangent  of  half  their  difference  102269;' 

to  which  about  4^.  39’.  anfwers  in  the  Tables,  beings 
half  that  difference,  which  being  added  to  55' half  the; 
fum  no  of  the  faid  Angles  AEP,  APE,  we  fhall  have; 
100.39'.  for  the  greater  Angle  x\EP,  or  for  GEF  the: 
Angle  of  the  Flank  required. 

By  means  of  the  Angle  of  the  Flank  thus  found  to 
he  of  loo  Degrees  and  39  Minutes,  one  may  in  theJ 
fame  manner  know  the  aperture  of  the  Angle  diminué^ 
EFG,  in  the  Triangle  GEF,  as  you  will  fee.  il 

Add  together  the  Two  fides  EF,  62,  EG,  36,  to  have: 
their  fum  98,  and  take  the  leafl:  EG,  36,  from  the  great- 
eft  EF,62,  to  have  their  difference  26.  From  180  Degreesî 
takeout  the  known  Angle  GEF,  100  39'.  and  half  the: 
remainder  will  be  39.  4o^  for  half  the  fum  of  the  un¬ 
known  Angles  EFG,  EGF.  Then  make  this  Analogy, 

As\ 


0 


I  0/  Regt^ar  of  Fo4^tification,\^  27 

[  As  the  fum  of  the  fides  EF^  EG  '  PUte -1, 

;  To  the  difference  of  the  fame  fides  EF,  EG  26  Fig^  8. 
So  the  Tangent  of  half  the  fum  of  the  Angles  EE  G  y 
EGF  82923 

To  the  Tangent  of  half  their  difference  2 1999 

■I 

I  to  which  about  12.  24'*  anfwers  in  the  Tables,  which 
taken  from  39. 40'.  half  the  fum  of  79. 20'.  of  the  Angles 
:  EFG,  EGF,  the  remainder  will  be  27»  16'.  for  the  An- 
I  gle  diminué  E¥Gy  which  is  requir’d. 

If  to  this  Angle  diminué  thus  found  of  27.  the 
Angle  of  the  Flank  GEF,  100.  gpf  be  added,  we  fliall 
:  have  127. 5'^'.  for  the  Angle  of  the  Epaule  EGl,  or  FHI  : 
and  if  ^'4.  32*.  double  the  faid  Angle  diminuiEEGy  27. 

16’.  be  taken  from  180  Degrees,  the  remainder  will  be 
:  1 2^'.  28  for  the  outward  Flanking-angle  GOH,  or  EOK, 

*  from  which  taking  the  Angle  of  the  Center  APB,  which 
j  is  of4o  Degrees,  the  remainder  will  be  8^.  28'.  for  the 
I  F4nk*d-angle  QIG,  which  will  be  alfo  found,  by  taking 
1  from  the  Angle  of  the  Polygon  which  is  of  140  Degrees, 
j  5^4.  32f  being  double  the  Angle  diminué  QEEy  which 
j  we  have  found  to  be  of  27.  \  6\  and  which  being  taken 
I  from  the  Angle  of  the  Flank  GEF  of  100.  39'.  the  re- 
t  mainder  will  be  73.  23'.  for  the  inward  Flanking- 
i  angle  GEO. 

In  the  oblique-angled  Triangle  AFI,  in  which  be- 
]  fides  the  Angles,  the  fide  or  lengthned  Curtain  AF  oi 
I  91  Toifes  IS  known,  one  may  by  the  Two  following 
i  Analogies  know  the  Line  of  Defence  FI,  and  the  Ca* 

I  pital  AI. 


As  the  Sine  of  the  Angle  AT  F  6796’^ 

To  its  oppofite  fide  A  F  ÿi 

So  the  Sine  of  the  Gorge  •angle  TAF  ,  919^9 

To  the  Line  of  ^Defence  FT  126 


'  which  .will  be  of  about  ii6  Toifes; 

'  As 
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i^Ute  1,  jis  the  Sine  of  the  Angle  A  IF  ^^96  sr' 

Fig,  8.  Yq  ils  oppofite  [ide  AF  91: 

So  the  Sine  of  the  Angle  diminué  AF  I  4^815; 

To  the  Capital  AI  its  oppofite  fide  61,  x,. 


which  we  fhall  find  to  be  of  61  Toifes,  and  about  z. 
Foot,  to  which  adding  the  little  Radius  AP,  which  has» 
been  found  of  175  Toifes  and  x  Foot,  we  fhall  have: 
z^G  Toifes  and  4  Foot  for  the  great  Radius  PI,  or  PK,, 
by  means  of  which  the  outward  fide  IK  may  be  found! 
by  the  following  Analogy  in  the  Ifofceles  Triangle  IPK.. 


As  the  Sine  of  the  Angle  of  the  Baje  TIK  91969) 
To  the  great  Radius  TK  4.. 

So  the  Sine  of  the  Angle  of  the  Center  ITK  64279) 
To  the  outward fide  IK  161.  y.. 


which  is  of  1 6 1  Toifes,  and  about  y  Foot. 

Or  by  this  Analogy  in  the  two  fimilar  Ifofceles  Tri¬ 
angles  APB,  IPK, 


As  the  little  Radius  AT  17^.2.. 

To  the  inward  fide  AB  120) 

So  the  great  Radius  IT  236.  4. 

To  the  outward fide  IK  161.  y.. 


But  the  following  Analogy  beginning  with  the  wholes 
Sine,  is  thefitteft. 

As  the  whole  Sine  loooQOi 

To  double  the  great  Radius  TI  47  g.  2., 

So  the  Sine  of  half  the  Angle  of  the  Center  ITK  34202:1 
To  the  outward fide  IK  ,  1 6 1 .  y . 

To  find  the  Face  GI,  which  is  not  the  fide  of  a  Tri¬ 
angle,  the  Line  FG  mufl  firft  be  found  in  the  oblique- 
angled  Triangle  EFG,  by  this  Analogy, 

Asi 
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the  Sine  of  the  Angle  diminué  EFG  4^813  mte  2. 
To  its  oppojite  jide  EG  3  6 

So  the  sine  of  the  Angle  of  the  Flank  GEF  i)8x'77 
To  its  opp  o/ite  fide  F  G  77» 

which  will  be  ot  77  Toifes  and  about  one  foot,  and 
which  being  taken  from  the  Line  of  Defence  FI,  which 
we  have  found  to  be  of  I^6  Toifes,  the  remainder 
wifi  be  48  Toifes,  and  5'  Foot  for  the  Face  GI  requir'd. 

The  foregoing  Table  is  computed  after  this  manner, 
where  you  fee  that  the  Angle  of  the  Flank  grows  lefs  as 
the  Polygon  has  a  greater  number  of  fides;  fo  that  it  will 
be  right  in  a  Polygon  that  has  an  infinite  number  of 
fides,  that  is  in  a  Str eight  line. 

How  to  Fortify  a  Tlace  by  help  of  the  computed  Tables; 

SOme  times  it  happens  that  we  have  a  mind  to  re-  3* 
prefent  only  part  of  a  Fortified  Polygon, ABC, whole 
two  fides,  AB,BC,  are  (for  example)  fides  of  a  Decagon, 
whofe  Center  cannot  conveniently  be  had  ;  in  fuch  a 
cafe  we  mufl  make  ufe  of  the  laid  foregoing  Table,  by 
its  affiftance  and  the  help  of  a  particular  fcale  of  Toifes 
to  Fortify  the  two  fides  AB,BC,  which  we  fuppofe  of 
no  Toifes,  in  the  following  manner. 

Having  taken  the  Demi-gorges  AD,BE,BF,CG,  of  30 
Toifes  each,  as  they  are  mark'd  in  the  Table  for  the 
Decagon,  with  the  diftance  (SpToifes  and  4  Foot  which 
is  the  length  of  the  Capital  of  the  Decagon,  defcribe 
from  the  three  points  A,B,C,  arches  of  a  circle,  aqd 
from  the  ends  D,E,F,G,  of  the  Curtains  DE,FG,  de¬ 
fcribe  other  Arches  with  the  diflance  of  119  Toifes, 
which  is  the  length  of  the  Line  of  Defence  in  the  De¬ 
cagon,  to  have  by  the  interfedion  of  thefe  Arches  the 
Points  of  theBaflions  at  H,K,L,  from  which  draw  to 
the  faid  ends  of  the  Curtains  D,E,F,G,  the  rafant-lines 
EH,DK,GK,FL,  to  have  upon  them  the  Faces  HM,KS, 
KT,LV,  and  joyn  the  Flanks  DM, ES, FT, GV,  and  thus 
the  whole  operation  is  ended. 

‘‘‘  N.B.  Point  TPoith  a  great  P,  fignijies  the  Angle  of  the  Bajiion  ;  but 
rsith  a  little  p,  it  Qnly  meant  a  Geometrical  pmt. 

The 


30  J  Tnâtift  of  Von\^C2i{iQn.  Parti., 

PHte  y  The  computed  Tables  are  alfo  y.ery  neceffiry  to  draw- 
F/>.  9  3  Polygon  upon  the  ground,  which  has  been  defign’d  or- 
drawn  upon  Paper  :  tor,  as  one  cannot  defcribe  a  Circle? 
upon  the  ground  as  one  may  upon  Paper,  and  as  a  Poly-- 
gon  is  ufually  drawn  about  a  Town  to  be  fortified,  the? 
foregoing  Table  mufl:  be  nsM  in  this  manner. 

To  draw  an  Heptagon,  for  example,  upon  the  ground,, 
Plate  I.  having  chofen  a  point  as  B,  where  yon  wou’d  have  ai 
Baflion,  flick  there  your  firfi  Stake,  to  draw  with  anyr 
proper  Infiniment  the  Angle  ABC  of  the  Polygon,, 
(which  in  the  Heptagon  is  of  iz8  degrees  and  a  half,  as» 
one  may  lee  in  the  foregoing  Table)  made  by  the  two) 
lines  ABjBC,  which  ought  to  be  of  no  Toifes  each  ;; 
and  having  fiuck  two  Stakes  at  the  ends  A, C,  make  atC? 
another  Angle  of  the  Polygon  BCD  of  128  degrees  and  ai 
half  aifo,  by  the  line  CD, which  is  likewife  of  izoToifes,, 
and  at  the  point  A,  a  third  Angle  of  the  Polygon BAO) 
Hill  1 28.50',  by  the  line  AO  of  izoToifes  as  the  others.. 
Lafily,  having  fiuck  two  Stakes  at  the  ends  ISI,D,  make? 
there  two  other  Angks  of  the  Polygon  OHR,  CDR,  oft 
I  io  Degrees  and  a  half  each,  by  the  two  Lines  NR,DR„ 
which  will  be  of  I'lo  Toifes  each,  and  thus  an  Hepta¬ 
gon  will  be  drawn  about  the  Place  to  be  Fortified,  and! 
nothing  will  be  wanting  but  to  defcribe  the  Bafiions. 

To  defcribe  a  Bafiion,  for  example,  upon  the  Angle? 
B,  having  mark’d  the  Demi-gorges  BF,  BS,  of  3.7  Toifess 
each,  as  they  ought  to  be  in  the  Heptagon,  at  the  points? 
F,S,  make  with  the  Curtains  EF,  ST,  the  Angles  EFH,, 
TSV,  each  of  as  many  degrees  as  the  Angle  of  the  Flank: 
ought  to  be  of  in  the  Heptagon,  {viz.)  of  i  oy  degrees,.! 
by  the  lines  or  Flanks  FH,SV,  which  muft  be  made  off 
28  Toifes,  as  the  foregoing  Table  (hews,  fortheHep-| 
tagon,  marking  the  two  points  H,V,  by  two  Stakes  :  and! 
if  the  fame  thing  be  done  atthe  other  Anglesof  the  Poly¬ 
gon,  all  the  Flanks  will  bedrawn^,  and  only  the  Faces? 
wil]  be  wanting,  which  may  be  defcribe dfeveral  ways. 

At  the  points  FI,V,  make  the  two  Angles  FHK,  SVK, 
each  of  about  iiy.  20',  as  may  be  found  in  the  foregoing- ( 
Table  for  the  Angle  of  the  Epauk  in  an  Heptagon,  byM 

thcrJ 
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the  two  lines  or  Faces  HK,  VK,  which  will  determine 
the  Point  of  the  Baftion  at  K,  where  confeqiiently  you 
nmii  flick  a  Stake,  or  elfe  fallen  a  fmall  Cord  or  Line  at 
the  point  E,  and  draw  it  towards  K,  llretchingit  over 
the  point  H,  and  likewife  another  Line  at  T,  to 
flretch  it  towards  K,  drawing  it  likewife  oVer  the 
point  V,  and  thefe  two  Lines  thus  flretch’d  will  crofs 
one  another  at  K  the  Point  of  the  Baftion.  Or  elfe 
faften  at  H,V,  two  Lines  of  equal  length  {viz,)  of  4a 
Toifes  and  two  foot,  fuch  as  is  the  Face  of  the  Baftion 
of  the  Heptagon  in  the  foregoing  Table  ;  and  thefe  two 
Lines  being  flretch’d,  and  their  ends  being  joyn’d  to¬ 
gether,  will  give  the  Point  of  the  Baftion  at  the  point 
K,  which  will  be  an  example  to  mark  the  Points  of  the 
other  Baflions  by. 

If  you  have  no  computed  Tablesj  the  Plan  of  what 
you  intend  to  draw  upon  the  ground  muft  be  exaâly 
ciefcribed  upon  Paper,  that  the  quantity  or  aperture  of 
the  Angles  may  be  known  by  a  Protraflor,  and  the 
length  of  the  lines  taken  off  of  the  Scale  of  the  Plan. 

I  Right-lines  are  mark'd  upon  the  ground  by  ftretching 
the  Line  which  is  faften’d  to  two  Stakes,  and  their 
I  length  is  meafur’d  with  the  Toife  or  Six  foot- Rule ^  then 

ithe  ground  muft  be  dug  or  furrow’d  along  the  Line  that 
when  the  Stakes  and  Lines  are  taken  oft  there  may  be 
{ the  mark  of  a  right-line  left. 

.  Two  kinds  of  Stakes  are  commonly  us’d,  fome  about 
]  a  foot  or  two  in  length  at  moft,  which  are  us’d  to 
ftretch  the  Lines  upon  fmooth  ground  ;  and  others  of 
4  or  y  foot  in  length,  which  are  us’d  to  draw  lines^ 
when  the  ground  is  uneven  or  full  of  Buflies.  The 
Strings  are  alfo  of  two  kinds,Cords  or  thicker  Strings  to 
j  make  lines,  and  fmaller  Strings  or  Lines xo  make  Angles. 


How  to  Fortify  a  Tolygon  with  Cafemates  and  Grillons, 

The  Two  fides  AB,  BC,  belong  to  a  Decagon  3^ 
^  Fortified  according  to  our  xMethod,  which  flip-  9- 

^  pofes  the  Demi- gorge  AD  of  go  Toifes,  and  the  Flank 
I  DM  of  40  Toifes,  the  inward  fide  AB  being  always  of 


,!  X  O 
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120  Xoifes  *,  and  now  the  thing  requit^  is  to  add 
Grillons  and  cover’d  Flanks  to  this  Part  of  a  Decagon.. 

Take  MN,  the  third  part  of  the  Flank  DM,  for  theii 
thicknefsof  the  Grillon,  and  from  the  oppofite  Flank’d-. 
angle  K,  draw  thro'  the  point  N,  the  line  NQ.equal  tor 
Ml  or  NT,  the  half  oi  MN,  for  the  depth  of  the  Cafe-» 
mate.  Take  again  upon  DK  the  great  Line  of  Defence  :  i 
lengthned,  the  Part  DR  equal  to  NQ.,  to  defcribe  fromi 
the  two  points  R^Q,  with  the  diflance  RQ^,  two  Arches, , , 
which  here  interfeft  one  another  at  G,  which  mufl:  be*: 
thé  Center  of  the  cover’d  Flank  R,Q,  which  we  make  t 
round  rather  than  flat,  as  Mr.  Vatihan^Xià  lèverai  others  i 
do,  that  it  may  be  greater,  its  Merlons  larger,  and  con-  i 
fequently  flronger,  and  that  it  may  lafl  longer  ;  that  is,  ,| 
that  it  may  longer  withftand  the  effort  of  the  Enemy’s  i 
Cannon,  which  will  happen  by  reafon  of  its  concavity, 
in  which  the  Cannon-ball  being,  as  it  were  clafp’d,  and 
and  confequently  being  relifled  by  a  greater  number  of ’! 
parts,  won't  have  fo  much  effeS:  as  again!!  a  flat  Flank,  „ 
which  touching  the  Ball  but  in  one  point  (as  one  may  | 
fay)  cannot  make  fo  great  a  refiftance,  as  having  fewer  i 
parts  which  bear  the  Ihock.  I 

To  defcribe  the  Grillon,  which  we  fhall  alfo  make  | 
round,  that  it  may  cover  and  refift  the  better,  draw  from  | 
I  the  middle  point  of  MN,  the  right  line  IP,  perpen-  | 
dicular  to  the  faid  MN,  and  draw  from  M,  the  end  of  P 
the  Face  MH,  MP  perpendicular  to  the  faid  MH,  which  ■ 
will  interfeél  IP,  at  P,  which  mufl:  be  the  Center  of  the  î 
round  Grillon,  to  the  intent  that  it  pafs  thro’ the  two  | 
points  MjN,  and  that  it  touch  the  Face  MH,  at  its  end  I 
M,  otherwife  it  wou’d  bunch  out  and  be  an  Eye-fore,  as  1 
I  have  faid  ellewhere.  '  1 1 

The  cover'd  Flank  RQJjeing  here  of  about  27  Toifes,  ! 
will  be  able  to  contain  p  Pieces  of  Cannon,  three  Toiles  j 
diflant  from  one  another:  and  it  may  be  made  to  hold  | 
more,  if  inflead  of  taking  the  third  part  of  the  Flank  | 
DM,  for  the  thicknefs  of  the  Grillon  MN,  we  let  that  i| 
proportion  alone,  and  only  make  MN  of  7  or  8  Toifes,  ^ 
which  is  enough  to  refilt  all  efforts.  ; 
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The  Ufe  of  Cafemates  or  low  Flanks,  is  chiefly  for  plate 
the  defence  of  the  Ditch,  and  with  the  Cannon  to  hin-  Fig,  9. 
der  the  Enemy  from  making  a."^7raverfe  in  the  Ditch  to 
bring  the  Miner  to  the  Face  of  the  oppofite  Baflion, 
and  to  ruin  all  the  Machines  and  Work  of  the  Enemy 
in  the  Ditch,  when  he  has  taken  it. 

The  Grillons  are  a  great  help  to  the  Cafemates  or 
TJaces  hafeSj  and  in  a  manner  necefiary  to  cover  and 
preferve  them  from  the  Enemy’s  Cannon  :  for  an  Grillon 
is  made  to  cover  the  Artillery  of  the  Flank  in  inch  man¬ 
ner,  that  one  may  fire  againli:  the  Poipt  of  the  oppofite 
Baftion  without  being  feen  from  the  Counterfcarp,  and 
for  that  reafon  we  have  drawn  the  line  DR  from  K 
the  Angle  of  the  oppofite  Baftion.  Ncverthelefs  foriie 
make  the  line  or  Revers  Q^,  which  we  have  call’d  the 
Thtform  of  the  Cafemate,  not  to  aniwer  to  K  the  Point 
of  the  oppofite  Baltion,  but  to  foine  point  on  the  Face,  ^ 
pr4  Toiles  diftant  from  the  Angle  or  the  Paid  Point, 
that  the  retir’d  Flank  mav  be  better  cover’d,  \^hich 
does  not  much  hinder  the  Cannon  that  is  Hidden  at  Q 
from  difcovering  the  Ditch ,  \Vhich  Canftoh  wou’d 
otherwife.  be  feen  from  the  Counterfcarp,  that  is,  from 
the  outward  Edge  of  the  Ditch  towards  the  Field,  when 
the  Flank’d^angle  is  very  acute,  which  may  Happen  in 
an  irregular  Place. 

^Tis  plain  that ‘if  the  Enemy  fliou’d  attack  the  Cur¬ 
tain  DE,  and  make  a  Breach  in  it,  one  might  fire  on  that 
Breach  upon  the  Rear,  and  expel  the  Enemy  from  his 
Lodgment  there,  from  the  Revers  or  Return  QN,  whicli 
being  of  Six  or  Seven  Toifes  may  contain  Two  Pieces 
of  Cannon,  which  will  be  wholly  cover’d.  In  fucli 
an  Grillon  the  falfe  Gates  or  Tofterns  are  made  for 
Sallies  ,  and  to  be  affifbnt  to  the  Ditch  and  Out-> 
nsoorks  I  that  is,  fuch  Works  as  are  feparatèd  from  the 
Body  of  the  Place. 

When  we  have  faid  that  the  cover’d  Flank  RQ.is  call’d 
luQVO  Flank,  or  Place  BaJJ},  it  was  to  diflinguiOi  it  froin 

*  A  little  Trench  toith  a  Parapet  one  each  fide.^  ’x>hlch  the  Befiegers  tnake 
thwart  thè  Moat  to  be  fecure  from  Flank  P)Qt, 
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another  cover’d  Flank,  which  is  yet  retir’d  fàrther  in¬ 
wards  than  the  low  Flank,  and  being  rais’d  above  that 
Flank  is  call’d  Tlace  haute^  or  high  Place,  in  which' 
there  is  another  Battery  of  Cannons,  of  which  we  fliall 
give  a  Draught,  when  we  have  taught  the  way  of  draw¬ 
ing  the  Plan  of  the  Rampart  and  Parapet.  - 
vUh  3.  We  have  alfo  laid  that  this  low  Flank  or  low  Place  RQ, 
i^ig.  10.  jg  call’d  Cafemate^  becanfe  Vaults  as  B  are  made  in  it  to 
put  the  Cannons  and  Ammunition  in  when  there  is  no 
farther  occafion  for ’em.  A,  reprefents  ûitVlace-Bafeot 
Cafemate,  upon  whofe  edge  are  thQ^S^erlons  C  next  to 
the  Fort-hoJes  D,  thro’  which  the  Cannon  cover’d  by  the 
Merlon  C  is  fir’d  :  The  Port-holes  are  alfo  call’d  Embra- 
fures^  and  when  they  are  fmall  and  only  fit  for  a  Muf- 
ket,  Meurtrières  or  Murderers. 

That  height  of  Earth  which  the  Cannon  is  fet  upon 
to  fire  againfi  the  Enemy,  is  cûVàBatierj  2inà  Flatform; 
but  Tlatforni)  or  Tlatform  of  Batteries  more  properly 
fignifies  ffrong  Joiffs  or  Planks  which  make  a  Square 
Floor  for  the  Cannon  of  the  Battery.  Thefe  Planks 
are  call’d  in  French  Tabloulns^  and  fuflain  the  wheels  of 
the  Carriages,  and  hinder  the  Cannon  from  finking  in¬ 
to  the  earth  by  its  weigh  t  :  and  that  the  Cannon  may  not 
fo  eafily  roll  back,  the  Platform  is  made  to  incline  a  little 
towards  the  Merlons,  which  are  that  part  of  the  Para¬ 
pet  which  lies  betwixt  two  Embrafures  of  a  Battery. 

The  Merlons  C,  are  as  you  may  fee,  cut  obliquely 
as  well  as  the  Embrafures  D,  that  the  Cannon  may  alfo 
fhoot  obliquely,  or  on  one  fide.  The  Merlons  are  com¬ 
monly  p  foot  wide  within,  and  6 without,  andin  the 
whole  12  foot,  that  thofe  which  tend  the  Cannon  may 
be  cover’d  when  they  bring  it  up  again  after  its  recoil¬ 
ing,  which  is  ufuaily  10  or  12  Foot.  It'is  plain  that 
the  Merlons  being  all  that  is  left  of  the  Parapet,  when 
jPor't-holes,  or  Embrafures  have  been  made  in  it,  to  put 
the  mouth  of  the  Cannon  thro’,  their  height  and  tliick- 
nefs  mufl:  be  the  fame  with  that  of  the  Parapet.  As  for  the 
Embrafures,  their  height  above  the  Platform  is  i  Foot 
towards  the  Cannon,  and  only  a  foot  and  a  half  towards 

the 
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the  field,  that  by  help  of  that  Hope  or  Glacis  the  Cannon  j 

may  dip^  that  is  fhoot  downwards.  They  are  about  3  foot 
wide  on  the  infide  towards  the  Town,  Six  or  Seven  on 
the  outfide,  and  two  foot  in  the  narrowed  place.  The 
firfl  Embrafure  begins  upon  the  lengthened  line  of  de-  I 

fence,  and  the  lafi  at  the  Enfoncement  or  depth  of  the  ^ 

Cafemate  towards  the  Grillon. 

Batteries  are  made  not  only  for  the  defence  of,  but 
for  attacking,  a  Place;  whence  there  are  feveral  forts  of 
Batteries,  which  we  fhall  defcribe  occafionally. 

Therefore  when  the  Platform  of  a  Battery  is  lower 
than  the  Level  of  the  Fields  that  is,  than  the  Surface  of 
the  Ground,  it  is  call’d  a  Buried  Batîerj^  or  Battery  rui¬ 
nante  :  and  Battery  de  Revers  or  Murthering  Battery^  is 
one  that  beats  upon  the  back  of  any  Place  :  Battery  en 
Echarpe^  is  that  which  plays  obliquely  :  and  Battery  d'" 

Enfilade  is  that  which  fcours,  or  Iweeps  the  whole  ' 
length  of  a  ftraight  line;  for  inTerms  of  Fortification  to 
Enfiler  or  fcourej  is  to  difcover  and  (hoot  along  or  fweep 
the  whole  length  of  a  ftraight  line  :  and  Enfilade^  is 
the  difpofition  of  a  piece  of  ground  fo  Situated  that  one 
may  thence  difcover  a  Boji  where  the  Enemies  retrench 
themfelves  to  fight. 

E,  reprefents  that  little  or  falfe  Gate  that  we  have 
call’d  Tofiern,  and  the  double  line  FGH  reprefents  the 
*  Cordon  of  the  Wall,  which  is  only  us’d  for  Ornament,  *  â  row  of 
above  which  is  the  Parapet  IK,  which  we  fhall  treat 
more  particularly  in  the  defcription  of  the  Frofil  of  the 
Wall. 

Of  the  Enceinte  of  a  Place. 


A  Place  y  or  place  of  FVar^  generally  fignifies  a  Place 
or  City  regularly  or  irregularly  Fortified,  and 
when  it  is  encompafs^d  with  Walls  it  is  call’d  Place' 
revetue  :  and  Regular  Tlace^  when  the  parts  of  its  En¬ 
ceinte  are  fimilar,  equal  to  one  another,  and  equally 
fortified  :  and  Irregular  Place^  when  it  wants  the  Pro¬ 
perties  of  a  regular  one. 

By  the  Enceinte  of  a  Place  we  do  not  only  underffand, 
the  Curtains^  Flanks,  and  Faces  of  the  Baflions,  with 
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îhe  Rampart  and  its  Parapet  ;  but  alfo  ail  the  other 
Works  made  aboutit,  as  Ditches  or  Moats, Half* Moons, 
Horns,  and  Crown-Works. 

To  be  more  plain,  we  (hall  difiinguifh  three  forts  of 
Enceintes,  {viz.)  the  fir  ft  or  fimpk  Enceinte  which  con¬ 
tains  a  Rampart,  a  Ditch,  and  an  Efplanade  or  Glacis  : 
the  Second  Enceinte which  befides  all  this  has  a  Wall, 
call’d  Chemije.,  when  it  is  not  very  thick,  with  a  Chemin 
des  Rondes  cover’d  with  a  little  Parapet  for  the  Watch 
or  Rounds  to  go  about  at  night  :  and  the  third  Enceinte, 
which  is  call’d  Falfe-Braye.^  and  alfo  JBaJfie  Enceinte, 
becaufe  it  is  a  kind  of  Parapet,  which  is  carried  all 
round  on  the  Level  between  the  Rampart  and  the 
Ditch,  to  defend  and  hinder  the  paffing  of  the  Ditch. 
Inflead  of  this  Work  ,  rnofi:  us’d  by  the  Dutch,  Mr. 
Vauhan  only  ufes  a  Tenaille  with  Flanks,  which  he 
raifes  in  the  Ditch  before  the  Curtain,  as  we  Ihall  fur¬ 
ther  explain  when  we  fpeak  of  this  manner  of  For¬ 
tifying  in  fart  III. 

We  call  Fortrefs,  Strong  Place,  or  City,  a  Fortified 
Place,  which  contains  a  confiderable  number  of  Houfes, 
and  Fort  a  lefs  Fortified  Place,  which  is  call’d  Fort- 
Royal,  when  it  has  120  Toifes  for  its  Line  of  Defence: 
which  is  a  rule  for  all  the  other  lines  of  the  firft 
"Draught,  according  to  our  Method,  where  it  is  eafy, 
by  the  Compafles  of  Proportion,  or  by  a  particular 
Scale,  or  rather  by  Trigonometry,  to  know  the  length 
of  all  thofe  lines,  fuppofing  the  inward  fide  of  120 
Toifes,  becaufe  the  Line  of  Defence  is  pretty  near  its 
length,  as  you  have  feen.  But  as  the  Rampart,  the 
Ditch,  and  the  Glacis  bear  no  proportion  to  the  Line 
of  Defence,  the  following  Rules  mull  direil  the  Under¬ 
taker  of  fuchaWork. 

\The  Rampart. 

'  TPHE  Rampart  is  a  Mais  of  Earth  which  is  rais’d 
^  about  a  Town,  to  cover  the  Houfes  from  thofe 
that  are  in  the  Field,  and  to  raife  thofe  that  defend 
the  Place  as  much  as  is  needful,  that  they  may  fee  the 
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Field  round  about,  difcover  the  Enemy,  and  fire  on 
him  as  far  as  their  Pieces  can  carry, 
j  The  height  of  the  Rampart  is  ufiially  3  Toifes,  more 
!  or  lefs  according  to  the  height  of  the  Ground  without 
the  Place,  which  may  command  it  :  and  its  breadth  at 
bottom  is  about  ly  Toifes,  with  the  ’^Taltis  which 
make  it  narrower  at  top,  more  or  lefs  according  as  thofe 
Slopes  are,  which  can’t  be  determin’d,  as  depending  on 
the  quality  of  the  Soil;  fome  Sort  of  Earth  flicking 
fafler  together  than  fome  again  :  for  when  we  have 
good  Earth  we  give  the  outward  Talu,  that  is,  the  Talii 
I  towards  the  Field,  the  leaf!  Slope  we  can,  that  the  Ram¬ 
part  may  be  the  wider  at  top,  and  its  afcent  more  dif¬ 
ficult  for  the  Enemy.  As  for  the  inward  Talu^  that  is, 
the  Slope  towards  the  Place,  it  may  be  as  great  as  yon 
pleafe,  that  the  Befieged  may  afcend  it  with  the  greatefi: 
eafc  and  bring  up  the  Cannons  and  Carriages  necefTary 
for  the  defence  of  the  Place. 

The  line  AD  reprefents  the  thicknefs  of  the  Ram-  pute  3 
part,  and  EF  its  height,  ED,  the  breadth  of  its  inward  Fig,  1 2 
Talu  ;  and  AB,  that  of  its  outward.  Here  the  Earth 
of  the  Rampart  fills  up  the  whole  Baflion,  and  in  fuch 
a  cafe  it  is  call’d  2ifuU  Bajiion  :  and  when  the  Rampart 
follows  the  K3dajier4ine  or  Firfl  Draught  in  a  parallel 
line,  as  the  Parapet  does,  the  empty  fpace  which  is  in 
fuch  a  Baflion  gives  it  the  name,  of  Empty  or  Hollow 
Bajiion*,^  and  in  this  empty  ï^2.ce  t3i^gazmes  may  be 
made  to  keep  Provifions  and  Ammunition  :  and  when 
inflcad  of  this  empty  fpace  the  Baflion  is  full,  one  may 
make  TerrafieSy  that  is.  Mounds  of  Earth  more  or  lefs 
rais’d  as  there  is  occafion,  call’d  Cavaliers  y  which  are 
lometimes  Wall’d  round  ;  and  always  have,  like  other 
.  Works,  a  Parapet  to  cover  the  Cannon  there  fet  in  Bat^ 
tery  to  defend  the  Face  of  the  oppofite  Baflion,  and  the 
Baflion  it  felf,  if  the  Enemy  makes  a  Lodgment  in  it. 

Cavaliers  are  often  made  upon  the  middle  ot  the 
Curtain  near  the  Parapet,  to  fee  theFieid  from  the  Place, 
to  difcover  the  Enemy  in  his  Works,  and  to  double  the 
Fire  which  defend  fuch  places  of  the  Town  as  may  be 
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attack'd.  Or  elfe  they  are  plac'd  in  fuch  a  Part  of  the 
Fortification  as  might  be  commanded  or  enfiladed  by 
the  Enemy^  to  cover  it. 

Vlg.  II.  As  their  life,  fo  their  figure  differs  :  it  is  ufually  a 
long  Square,  or  round,  as  A,  and  fometimes  an  Oval, 
which  is  rais’d  in  the  Ditch  of  a  Fenny  Place,  to  cover 
a  Gate,  or  to  lodge  in  it  a  Guard  agaiiift  furprifes,  and 
then  fuch  a  Cavalier  is  call’d  Horfe  fhoe  and  Fate  when 
its  Figure  is  very  irregular, 

Inflead  of  Cavaliers,  little  Mounds  of  Earth  are  fome¬ 
times  rais’d  at  the  Points  of  the  Bafiions  in  the  fhape  of 
Traverfes,  which  are  call’d  Platforms,  becaufe  Cannons 
are  play’d  on  ’em  to  fire  over  the  Parapet,  and  alfoBar- 
hettes^  whence  Shooting  along  the  Glacis  of  the  Pa¬ 
rapet,  is  a  call’d  to  Shoot  en  Barhe^  {in  the  Beard)  be¬ 
caufe  the  fire  of  the  Cannon  raifing  the  Glacis  of  the 
Parapet,  and  burning  its  Grafs,  does  as  it  were  Shave  it. 

Laftly,  Upon  the  edge  of  the  Rampart  towards  the 
Ditch,  in  all  the  Saliant  Angles  of  the  Place  Guerites 
or  Echauguettes  are  built ,  which  are  little  round 
Towers  of  Stone,  when  the  Rampart  is  wall’d,  and  of 
Wood,  when  it  is  only  of  Earth,  in  the  Shape  of  a  Lan- 
tern,  or  as  we  ufually  call’d  them  in  Englifli,  Gentry 
Boxes  to  lodge  in  each  of  them  zCentry^  or  Soldier  to 
hearken,  look  about,  and  watch  over  the  Ditch  againft 
the  furprifes  of  the  Enemy,  and  alfo  to  Ihelterthe  Gen¬ 
tries  in  foul  weather. 

As  thefe  little  Towers  (land  out  upon  the  edge  of  the 
Rampart  towards  the  Ditch,  the  Parapet  of  the  Ram¬ 
part  is  cut,  that  one  may  go  from  the  Terre-plain  of 
the  Rampart  to  each  Gueriie  ox  Box.  They  are  made 
about  7  or  8  foot  high,  three  or  four  foot  wide,  and 
open  on  all  fides,  that  the  Gentries  may  look  every 
way  about  them.  A  Cenrincl  on  Horfe-back  who  fiands 
at  any  place  to  prevent  furprifes  is  o'àXFAVedete^  and  to 
fiand  Gentry  is  call’d  to^ie  upon  "Duty,  (in  French, 
en  fanion.) 
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The  ^  Tar  abet.  *  Bfeaji. 

^  XCOîk» 

L‘|  P  0  N  the  edge  of  thfe  Rampart  towards  the  Field, 

M  there  muft  be  rais’d  to  cover  the  Befieg’d,  a  Bank 
of  Earth  about  lo  foot  thick,  and  6  foot  high,  with  a 
little  Step  or  Stair  3  foot  thÆk,  and  z  foot  or  z  foot  and 
half  high.  This  Elevation  of  Earth  is  call’d  I 

and  the  Foot-pace  or  Step  Banquette^  which  niufl  be 
towards  the  Place  for  the  Defender  to  get  upon  to  fee 
the  Field  the  better,  and  fire  when  there  is  occafion. 

The  upper  part  of  the  Parapet  muff  have  a  Slope  call’d 
Clacisy  that  the  Musketeers  which  are  upon  the  Ban^ 
quette  may  fire  downwards  into  the  Ditch, or  at  leafl  up¬ 
on  the  Counterfcarp,  that  is,  upon  the  edge  of  the 
Ditch  towards  the  Field.  Such  a  Parapet  is  caifd  Roy¬ 
al  Parapet^  to  diflinguifh  it  from  the  Parapets  of  other 
Works. 

A  little  way  or  Paflage  is  left  upon  the  outward  edge 
of  the  Rampart,  3  or  4  foot  wide  to  receive  the  Earth 
which  may  roll  from  the  Parapet,  and  keep  it  from  fail¬ 
ing  into  the  Moat  ;  and  this  Space  is  call’d  Berme,  as 
alfo  Orteil^  Dziere^  Retraite.,  Relais,  and  Pas  de  Souris • 

What  is  left  of  the  Rampart  tow^ards  the  Place  is  call’d 
1  erre  plain,  that  is  the  Horizontal  Surface,  where  the 
Defenders  Hand  and  go  to  and  fro’:  it  mult  be  broad 
enough  to  draw  and  turn  the  Carriages  of  the  Cannons 
upon. 

The  Line  OF  reprefents  the  Terre-plain  of  the  Ram-  iHate  3. 
part,  and  the  line  BC,  the  Bafis  of  the  Parapet,  whole 
height  LM  above  the  Rampart  muff  be  Six  foot  at  leaft, 
as  being  only  made  to  cover  the  Soldiers  which  defend 
the  Place  from  the  Enemy’s  Cannon  *,  and  for  that  rea- 
fon  its  thicknefs  ought  to  be  no  lefs  than  3  Toifes,  that 
it  may  be  proof  againfi  Cannon-fhot,  and  be  capable  of 
a  Banquette  to  raiie  the  Soldier  high  enough  to  fire  over 
it:  and  that  one  may  the  eafier  get  up  upon  this  Ban¬ 
quette,  which  is  two  or  three  foot  high,  it  mull:  have 
at  leall  z  or  3  fieps  :  and  that  the  Cannon  may  hurt  the 
Enemy,  the  Parapet  nnifl;  have  Embrafures,  whole 
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■  Merlons  ought  to  be  of  good  Earth,  the  better  to  re- 
firtthe  Enemy's  Cannon. 

As  the  Embrafures  do  focqewhat  weaken  the  Parapetj 
and  the  Cannons  fliooting  thro’  an  Embrafure  can  diE 
cover  but  fuch  a  Space,  according  as  the  Embrafure  is 
bigger  or  lefs,  and  that  f(|j:here  may  be  fome  place  very 
little  feen  from  the  Town,,  and  that  in  the  Second 
Flank  the  Embrafures  mull  be  very  oblique  to  be  iile- 
ful  ;  the  Chevalier  de  ViUe^  to  have  the  Parapet  every 
where  of  equal  flr^ngth,  and  to  have  no  need  of  a  Ban¬ 
quette,  wou’d  have  the  Parapet  rais'd  no  higher  than 
four  foot,  that  the  Cannon  might  fire  en  Barbe  and  on 
every  fide  ;  and  as  in  fuch  a  cale  the  Soldiers  wou'd  not 
be  cover'd  enough  infiegetime,  he  makes  the  Parapet 
higher  with  or  Baskets  full  of  Earth,  five  or 

fix  foot  high,  and  four  wide  from  top  to  bottom,  be¬ 
tween  w^hich  the  Musketeers  may  eafily  fire  ;  and  when 
a  Cannon  is  to  be  fir’d,  only  one  of  thefe  Gabions  mufl: 
be  remov’d,  and  fet  up  again  after  the  fhot;  but  leaf}: 
the  Cannon  and  thofe  that  tend  it  Ihou’d  be  too  much 
expos’d  after  the  Piece  is  fir’d,  he  makes  the  Rampart 
go  down  with  a  Slope  towards  the  Place  to  facilitate  the 
lecoil  of  the  Cannon. 

Inflead  of  Gabions,  which  are  allb  cali’4  Mane<juïnSy 
and  Corbeilles  when  they  arelçfs,  and  wider  at  top  than 
at  bottom  ;  one  may  alfo  ufe  Barrels  of  Earth,  which 
the  Souldier  carries  to  make  his  Lodgment,  or  Sacks  of 
Earth,  which  are  Sacks  of  courfe  Cloath,  fill’d  wi  th 
Earth,  about  i  t  Foot  thick,  and  i  \  Foot  high,  ufefiil 
to  cover  one’s  felf  in  hafte,  and  make  Retrenchments, 
the  Spaces  between  ferving  as  Embrafures  to  fire  thro’ 
upon  the  Enemy. 

But  as  fuch  a  low  Parapet  does  not  fecure  the  Soul- 
diers  from  Cannon-fliot,  unlefs  they  ftand  at  fome  dift- 
ance  from  it,  and  that  whilll  a  Gabion  was  remov’d 
the  Enemy  being  upon  the  watch  might  fo  level  his 
Cannon  as  to  endamage  that  of  the  Defenders  ;  to  me  it 
feems  better  to  have  a  Parapet  6  Foot  high, with  its  Ban¬ 
quette,  and  Embrafures  in  fit  places  :  or  if  one  won’d 

have 
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(  have  no  Embrafures,  a  Térrafs  muft  be  rais'd  withTurfs^ 

:  and  Boards  over  them  to  fnftain  the  Cannon,  which 
j  may  be  le  veil'd  any  way  that  one  fhall  think  fit,  with- 
I  out  fearing  the  Enemy's  difmounting  it,  becaufe  it 
I  hides  it  felf  in  its  Recoil,  if  the  Rampart  be  of  a  rea- 
j  fonable  height  ;  and  the  Enemy  feeing  no  Embrafures 
I  does  not  know  what  place  to  level  his  Cannon  at,  as 
1  not  knowing  whether  the  Cannon  be  ftill  in  the  fame 
{  place  that  it  fir'd  from  :  fuch  a  thing  may  beeafily  done, 
j  and  the  Enemy  will  that  way  be  much  fatigu'd,  as  be- 
j  ing,  forc’d  to  alter  his  manner  of  (hooting  every  now 
!  and  then:  for  as  the  Defenders  expofe  the  Mouth  ot 
j  the  Cannon  they  fire  it,  and  the  Cannon  recoiling  at 
j  the  fame  time  fecures  it  felf  from  the  Enemy,  who  has 
I  nothing  left  to  do,  unlefs  it  be  by  beating  down  the 
H  whole  Parapet  to  lay  the  Befiegers  Cannon  bare,  which 
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)  wou’d  be  a  tedious  piece  of  Work. 
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HE  T)'ttch  or  Moat  is  a  Hollow  or  Channel  made 


,  1  about  the  Place  which  we  wou'd  defend,  to  avoid 
j  Surprifes.  The  Earth  of  the  Rampart  mull:  Î3e  dug  up 
S  juft  by,  that  the  Rampart  and  Ditch  may  be  made  at  the 
i  fame  time  :  whence  it  follows  that  they  bear  a  Pro- 
\  portion  to  one  another  ;  for  if  the  Rampart  is  made  of 
■  fuch  a  bignefs,  one  muft  dig  the  Ditch  till  Earth  e- 
8  nough  be  got  to  make  the  Rampart,  Parapet,  and  , 

I  Efplanade,  lead  one  (hou'd  be  at  unnecefiary  Expences, 

Between  the  Rampart  and  Ditch  a  Way  or  Space  is 
t  left,  call’d  the  Bermey  of  about  g  or  4  foot,  as  we  have  3, 
j  already  faid,  to  receive  the  Earth  that  may  roll  down 
:  from  the  Parapet,  either  of  it  felf  or  from  the  Shock 
Î  of  the  Enemy's  Cannon. 

That  Edge  of  the  Ditch  which  is  towards  the  Place 
i  as  GIKH,  is  call'd  Scarps  and  that  which  is  towards 
:  the  Field,  as  PQ,  is  call'd  Counter  fear p^  which  is  com- 
}  monly  made  round  overagainfl  the  point  of  a  Badion, 

I  that  one  may  have  the  more  Room  in  the  Cover’d-way, 
s  and  the  red  is  parallel  to  the  great  Line  of  Defence. 
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A\l  the  Heights  or  Depths  mufi  be  made  with  a  Slope.  | 

The  breadth  and  depth  of  the  Ditch  can’t  well  be:| 
determin’d,  as  depending  upon  feveral  CircnmflancesjJ 
and  efpecially  the  Nature  of  the  Soil:  for  in  Fenny  j 
places,  or  where  Water  does  not  lie  very  deep,  it  ought.  I 
to  be  made  wider  and  fliallower,  that  it  may  be  more:! 
troublefome  to  the  Enemy  that  wou’d  pafs  it,  obliging 
him  to  Eked  the  T)itch^  that  is  to  drain  it  dry.  This 
we  may  fay  neverthelefs  ;  that  the  Breadth  of  the  Ditch 
ought  to  exceed  the  length  of  the  tallefl  Trees,  or  elfe: 
Bridges  might  be  made  to  pafs  the  Ditch  tho’  it  were; 
full  of  Water. 

In  Rocky,  Stony  and  High  Places,  the  Ditch  mufi  be* 
made  as  deep  as  poffible,  and  narrower,  the  eafier  to 
avoid  Surprifes,  and  to  hinder  a  Sca/ade^  that  is  to  keep  > 
the  Enemy  from  climbing  up  the  Rampart  with  Lad-- 
ders  ;  befides  the  Stone  dug  up  in  fuch  a  place  when  a 
a  deep  Ditch  is  made,  will  be  ufeful  in  the  Mafon’s . 
Work. 

Laüly,  In  fuch  places  as  the  Soil  is  good,  the  breadth 
as  well  as  the  depth  of  the  Ditch  is  moderate.  In  the 
following  Plans  and  Profils  we  fhall  allow  20  Toifes  for 
the  breadth  of  the  Ditch  over  againfl  the  Flank’d-angle, 
and  I  y  foot  for  its  depth.  The  Edge  of  the  Ditch  to¬ 
wards  the  Field  over  againfl:  the  middle  of  the  Curtain, 
where  it  is  broader  than  about  the  Point  of  the  Baftion, 
is  terminated  by  a  re-entrant  Angle,  iifualJy  call’d  the 
Angle  of  the  Counterfcarpy  that  each  part  may  be  feen 
and  Flank’d  by  the  cppofite  Flank. 

In  a  Ditch  which  is  full  of  Water,  about  the  middle, 
a  Bank  of  Earth  or  Sand  is  left,  or  great  Stakes  are  ' 
driven  and  (land  about  a  Foot  above  Water,  to  hin-  ' 
der  the  Enemy  from  palling  in  Boats:  and  in*a  dry 
Ditch,  about  the  middle  of  it  is  made  another  lefs  Ditch 
or  Trench  call’d  Cunette  and  Cuvette^  Sunk  till  you  come 
to  water,  to  avoid  furprifes,  hinder  the  Befiegers  from 
mining,  and  that  the  Water  may  drain  and  leave  the 
main  Ditch  drier  :  it  lliou’d  be  five  or  fix  Foot  in  Water 
if  poffible,  to  hinder  the  Enemy  from  wading  thro’ it 
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Hand  covering  himfelf  in  it.  When  a  Ditch  is  lin’d 
:^with  a  Wall,  Stairs  are  in  all  its  Angles  for  the  Service 
ij  of  the  Counterfcarp. 


The  Wan, 

TH  O’  Clay  be  very  good  to  build  a  Rampart,  and 
will  not  eaiily  moulder  ;  yet  in  France  and  Italy 
they  build  a  good  Wall,  which  has  its  Foundation  be- 
I  low  the  bottom  of  the  Ditch,  and  which  is  fo  high 
I  that  one  may  from  it  difcover  the  Field,  without  its 
I  hindring  the  profpeâ  of  the  Rampart,  to  keep  the  Rain 
I  from  deftroying  the  Works,  and  fuflain  the  Earth 
when  It  IS  not  good,  that  the  Rampart  may  laft  the 
S  longer,  and  not  have  fo  great  a  flope. 

When  a  Rampart  has  a  Wall,  it  is  call’d  Rampart  i>Ute  3 
)  revêtu^  and  the  Wall  is  call’d  Revetêment^  whofe  height  Fig.  12. 
[  above  the  bottom  of  the  Ditch  may  be  4  Toifes.  Its 
I  Foundation  ought  to  be  of  Stone,  and  its  Body  is  iifn- 
[|  ally  of  Stone;  but  it  is  better  to  build  it  of  Brick  if 
(  one  can,  becaufe  it  does  not  By  in  pieces  fo  as  it^does 
i  when  of  Stone.  A  Cordon  is  made  from  its  top  fc>r  Or- 
f  nament  only,  with  a  little  Parapet,  or  Bread-work,  Six  \ 

^  Foot  high,  and  Two  Foot  chick,  which  we  fhall  fpeak 
(,of  more  particularly  in  the  Second  Profil. 

The  Wall  ought  to  have  a  confiderable  TalUy  as  for 
:  example,  the  Fifth  or  Sixth  Part  of  its  Height:  And 
that  it  may  be  able  to  fuflain  the  weight  of  the  Ram- 
:  part,  it’s  proper  to  fupport  it  on  the  infide  with  Epe- 
'  ronSy  or  Comter-FortSy  which  are  Buttrefles,  or  Walls,  ^  spm, 

1  which  go  partly  thro’  the  Rampart,  and  begin  at  the 
I  Revetèment,  The  Counter-Forts  are  generally  Vaulted, 
and  their  intervals  which  are  of  about  18  Foot,  are 
fill’d  with  Earth  to  make  them  firmer. 


The  Chemin  des  Rondes. 


Th  E  Chemin  des  Rondes  y  or  Way  of  the  Rounds, 
is  a  fpace  left  upon  the  Wall  between  its  Parapet 
and  the  Rampart  of  a  Place  of  War,  to  hear  and  iee 
from  it  what  is  done  in  the  Ditch.  This  fpace  does  not 
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exceed  9  Foot,  the  ofiial  bteadth  of  the  top  of  the  Wall, 
and  the  Way  to  it,  is  thro’  Po/l-erns,  or  little  Gates 
which  are  near  the  Gates  of  the  Place,  that  are  gene¬ 
rally  made  about  the  middle  of  the  Curtains,  as  being; 
the  freefl  and  molt  convenient  place. 

We  have  already  faid  that  the  Parapet  of  the  Chemlm 
des  Rondes^  which  is  rais’d  upon  the  Cordon  of  the* 
Wall,  is  but  Two  Foot  thick,  being  built  rather  to  keep: 
the  Rounds  {the  Night  IVatch)  from  falling  into  the? 
Ditch  ,  than  for  Strength  ,  and  as  it  is  Six  Foot; 
high  without  any  Banquette,  it  ought  to  have  fmalll 
Embrafures  or  Meurtrières  every  Four  Foot.  This» 
Chemin  des  Rondes^  which  is  made  of  Brick,  will  eafilyf 
be  conceiv’d  by  obferving  the  Second  Profil,  which  we:| 
lhall  explain  anon. 


The  Falfe-Braye, 

The  Dutch j  who  make  their  Works  of  Earthi 
only,  inftead  of  a  Wall,  make  upon  the  Level  be¬ 
tween  the  Rampart  and  Ditch,  a  kind  of  Parapet,  call’di 
Fauffe^  or  falfe  Braye,  Six  Foot  high,  and  Three  Toifes» 
thick,  with  fuch  a  Banquette  as  the  other  Parapets  have,, 
leaving  between  the  Rampart  and  this  Parapet,  a  Way^ 
Three  Toifes  wide,  to  receive  the  Ruins  which  theî 
Cannon  of  the  Befiegers  may  caufe  to  fall  in  this  Way,, 
or  Terre-plain  of  the  Falfe-braye. 

The  chief  ufe  of  the  Falfe-braye  is  to  Defend  the? 
Ditch  ;  but  I  wou’d  not  have  it  continu’d  along  thej 
Faces  of  the  Baflions,  becaufe  in  thofe  places  it  wou’d;. 
be  Enfiled  by  the  Enemy’s  Works  :  And  tho’  one  mayij 
raife  higher  Parapets  towards  the  Point  of  the  Baftiorn 
to  hinder  the  Enfilade,  yet  it  makes  it  no  better,  be¬ 
caufe  fuch  a  Parapet  being  once  Demolifli’d,  which  is» 
foon  done,  the  Falfe-braye  will  always  be  Enfiled;  be— ! 
lides,  the  Ruins  of  the  Rampart  obliges  thofe  that  are‘  ' 
in  the  Falfe-braye  to  abandon  it,  which  gives  the  Eue-.  3 
my  an  eafy  poffèffion  of  it.  Hence  it  is  plain,  that  ini 
wall’d  Places  Falfe-brayes  are  altogether  ufelefs,  becaufe:  " 
the  pieces  of  the  Wall  which  the  Befiegers  Cannoint 

caufes  t 
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caufes  to  fall  into  the  Terre-plain  of  this  Work,  kills 
all  thofe  that  happen  to  be  in  it. 

/ 

The  Cover  d  JVay^  and  Efpknade, 

A  Way  is  left  upon  the  Counter fcarp  4  or  f  Toifes 
broad,  call’d  the  Covert  or  Cover  d  or  €q^ 
ridor^  which  is  as  another  Terre- plain,  becaufe  it  isco. 
ver’d  with  a  Parapet  Six  Foot  high,  with  a  Banquette 
like  the  reft.  This  Parapet  has  a  great  Glacis,  whick 
infenfibly  lofes  it  felf  towards  the  Field  for  it  or  20 
Toifes,  and  for  this  reafon  it  is  call’d  Ejplauade^  or  only 
Glacis. 

The  Cover’d  Way,  with  its  Parapet  and  Efplanade 
are  made  parallel  to  the  Counterfearp  of  the  Place,  and 
that  of  the  Out-works,  when  there  are  any,  to  Defend 
the  Field,  and  hinder  the  Enemy  from  coming  near  and 
taking  the  Ditch  ;  And  for  greater  fecurity,a  little  way 
off  of  the  Parapet  Valifjadoes  are  fet,  which  are  great 
Stakes  fharp-pointed ,  commonly  fet  upright  1  Foot 
within  the  Earth,  and  4  or  s  Foot  above  Ground,  and 
ftand  fo  clofe  together,  as  to  admit  only  the  Muz- 
2;le  of  a  Musket,  or  at  moft  a  Pike.  Thefe  Paliffidoes 
arc  fet  in  the  form  of  a  Lozange,  making -an  Angle  to¬ 
wards  the  Field,  and  another  towards  the  Place,  and 
fo  on. 

To  hinder  the  Enemy  fill]  more  from  an  eafy  taking 
of  the  Counterfearp,  or  of  the  Cover’d  Way,  a  Ditch 
is  made  full  of  Water,  call’d  Avanî-foJJt^  or  T)iîch  of  the 
Counterfearp,  Some  would  have  the  Cover’d  Way  funk 
below  the  Level  of  the  Field,  about  2  Foot,  that  the 
Horfe  may  there  be  cover’d,  aqd  that  the  low  Flanks 
may  better  Command  and  Defend  it. 

Todifturb  the  Enemies  Works,  beyond  the  Glacis  or 
Efplanade,  Redoubts 'yxt  biult  within  Musket-fliot  of 
the  Out-works  of  the  Place,  that  they  may  th,ence 
be  Defended.  Thefe  Redoubts  are  little  Square  Works, 
with  a  Ditch  and  Parapet,  and  are  Retrench’d  Corps 
de  Guard. 


How 
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How  to  defer ihe  the  Trojil  of  a  "Port  that  has  an  Enceinte  ' 

of  the  fir  ft  kind, 

Plate  5.  Profil  y  or  Porfily  or  Orthography  of  a  Work^  is  , 

12.  A  the  Section  of  that  Work,  when  cut  by  a  Plain,  , 
perpendicular  to  the  Plain  of  the  Horizon,  This  is  . 
eafy  to  be  comprehended  by  the  Figure  ADFOR,  which  . 
’  is  the  Profil  of  a  Rampart,  and  its  Parapet  ;  which  Pro¬ 
fil  fhews  the  Heights  and  Breadths  of  all  the  parts  of 
that  Work. 

To  deferibe  the  Profil  of  the  Rampart",  the  Ditch  and 
Efplanade,  draw  firft  the  Level  of  the  Field  AB,  and 
take  upon  it  the  Lines 

Plate  4.  Bafis  of  the  Rampart  y  ly  Toifes, 

Pig*  13»  CE,  Breadth  of  the  Ditch  ^  20  Tojfes. 

EF y  Cover  d  tVay,  s  Toifes. 

FBy  Breadth  of  the  EfplanadCy  20  Toifes^ 

CD  y  ^  Berme,  4  Poot, 

Draw  from  the  points,  A,  C,  D,  E,  F,  as  many  Per¬ 
pendiculars  to  AB,  and  take  upon  them  the  lines 

AH^  C/y  Height  of  the  Rampart  y  3  Toifes, 

DP  y  E%  Depth  of  theDitcby  ly  Poot, 

FG,  Height  of  the  Efplanadey  6  Foot, 

Dra  w  the  Glacis  GB,  and  join  the  Right-lines  HI, 
PQ.  to  take  upon  them  the  lines 

HO  y  Inward  Talu  of  the  Rampart,  3  Toifesi 

HKy  Outward  Talu  of  the  Rampart,  3  Toifes. 

KLy  Bafis  of  the  Parapet,  3  Toifes. 

TRy  Inward  Talu  of  the  Ditch,  ly  Foot. 

^y  Outward  Talu  of  the  Ditch,  1 5  Foot. 

From  the  point  L,  upon  HI,  raife  the  perpendicular 
LM,  of  6  Foot  for  the  Height  of  theTarapet,  as  that  of 

f  The  Berme  is  fo  caltd,  rphethsff  it  be  made  on  the  outjide  of  the  Paa 
rapet  u^07i  the  Rampart,  or  between  the  Rampart  and  the  Ditch, 

the 
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ithe  Efplanade  FG,  and  the  Banquette  added  to  each  Pa 
irapet  mull:  be  at  lead  2  Foot  high,  and  g  Foot  broad.  The 
’Glacis  MN  of  the  Parapet  is  drawn  by  the  point  E  of  the 
jCounterfcarp,  and  ends  where  CKlengthned  cuts  ME» 

How  to  clefcrihe  the  Trofil  of  a  Fortrefs  whofe  Enceinte 

is  of  the  fécond  kînd. 

Aving,  as  before  direded,  drawn  the  Profii  of  the 
Rampart,  Ditch,  Efplanade,  take  the  lines 

HL^  Bafis  of  the  W %U^  p  Foot, 

10 j  Bafis  of  the  Parapet^  2  Foot, 

O Z>,  Talu  of  the  W ali^  4  Foot, 

CEf  Height  of  the  JVail^  p  Foot, 

2)Ej  Chernm  des  Rondes^  p  Foot.  ^ 

EF^  Height  of  the  Parapet,^  6  Foot, 

TRj  Berme,^  2  Foot, 

In  the  lower  part  of  the  Wall,  over  againfl:  the 
mm  des  Rondes,^  is  added  a  Cordon  G,  which  is  a  Rib,  or 
Row  ofStone-Work  made  round,  and  Handing  out.  As 
filch  a  Cordon  is  but  for  Ornament,  I  think  it  ufelelsj 
and  even  prejudicial,  as  being  a  good  aim  for  the  Ene¬ 
my’s  Cannon.  It  is  plain  that  the  lower  the  Walls  are, 
the  lefs  they  are  expofs’d  to  the  Enemy’s  Cannon,  and 
the  lefs  apt  to  fill  the  Ditch  with  Ruins  ;  but  they  are 
eafier  to  be  Scal'd. 

If  you  wou’d  have  a  Cunette  in  the  middle  of  the 
Ditch,  which  is  feldom  done,  allow  ly  Foot  for  its 
Breadth  QS,  or  TV,  and  as  much  for  its  Depth  QT,  SV, 
and  about  y  Foot  to  each  of  the  Two  Talus  TX,  VY. 
When  fuch  a  Trench  is  Paliflado’d,  'tis  always  on  that 
fide  towards  the  Place. 

How  to  defer  the  the  Trofil  of  a  firong  Place  ^  whofe  En^ 

ceinte  is  of  the  third  kind, 

HAving,  as  before,  drawn  the  Profil  of  theRampartj 

Ditch,  and  Efplanade,  take  the  lines  Fig. 

CZ),  ■ 
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pl^e  4.  CZ),  Space  of  the  Falfe-hraye,  3  Toifes. 

Fig.i'j.  2)E,  Breadth  of  the  Falfe-hraye,  3  Toifes. 

T)G,  Height  of  the  Falfe-hraye^  6  Foot. 

ÆF,  Berme,  3  Foot. 

Tho’  the  Falfe-braye  be  approv’d  of  but  by  few,  andi 
made  feveral  ways,  and  almoft  wholly  negleûed  by  the: 
greateft  Praditioners,  at  leaft  if  made  after  the  'Dutcht 
Method,  yet  I  thought  my  lelf  oblig’d  to  give  firft  the; 
Profil, then  the  Plan  of  it,  that  you  might  the  better  un- 
derltand  what  it  is,  before  we  explain  Mr.  Fauhan'a 
Method,  who  makes  it  more  uleful. 


P 


Hovo  to  reprefent  a  Vrofil  in  TerJpeBive, 

\ErfpeBive  in  general,  is  the  Art  of  reprefenting  ini 

_ _  the  Table  or  SeSiion^  vifible  Objects,  as  they  appear 

in  the  Table,  for  that  Reafon  fuppos’d  to  be  Trans¬ 
parent,  Hence  it  is  plain  that  an  Object  to  be  vifible 
muff  be  at  a  reafonable  diftance  from  the  Eye,  which 
alfo  muff  be  at  a  reafonable  diflance  from  the  Table, 
which  we  mufi:  always  conceive  to  be  between  the  Eye 
and  the  Objeél. 

This  kind  of  Pexfpeélive  is  not  often  us’d  in  Fortifi¬ 
cation,  as  being  too  difficult,  and  altering  the  Propor¬ 
tion  of  the  Parts  to  be  reprefented,  fuch  as  are  moftdi- 
ftant  from  the  Table,  appearing  always  lefs  than,  the 
neareft;  but  a  more  fimple  and  eafy  Perfpeàive  is  us’d, 
which  IS  call’d  TerfpeSiive  Cavalier e^  and  Military  Ter- 
JpeTlive,  which  fuppofes  the  Eye  infinitely  diftant  from 
the  Table,  which  in  fuch  a  Suppofition  does  not  at  all 
change  the  Figure  of  the  Geometrical  Plain:  And  tho’ 
thi^  IS  naturally  impoffible,  the  Sight  not  being  able  to 
reach  an  infinite  Diftance,  yet  the  effeél  of  it  is  Ufeful, 
becaufe  it  (hews  diflinftly  the  thing  to  be  Reprefented; 
therefore  we  fhali  make  ufe  of  it  as  well  for  the  Plans 
as  for  the  Profils,  in  the  following  manner. 

Plate  5.  Having  drawn  the  Profil  according  to  the  foregoing 
Rules,  draw  on  which  fide  of  the  Profil  you  pleafe, 

*  from  ail  the  Angles,  Straight  Lines  parallel  to  one  an¬ 
other^' 
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other,  and  of  fuch  an  equal  Length  as  you  think  fit-; 
then  join  the  ends'ofall  thofe  Lines  by  Right  lines, 
Avhich  will  make  a  Second  Profil,  and  fhade  the  Parts 
which  you  wou’d  reprefent  to  be  from  the  light. 

flow  to  draw  the  Tlan  of  a  Fortj  whofe  Enceinte  is  of 

the  firft  hind, 

E  call  Tlan  otichnographjj  the  Horizontal  Seéiioii 
of  a  Military  Work:  That  is,  the  Se6tion  of 
that  Work  when  cut  by  a  plain  Parallel  to  the  Hori¬ 
zon,  where  the  length  of  Lines,  the  aperture  of  Angles, 
the  thicknefs  of  the  Rampart  and  Parapet,  and  the 
breadth  of  the  Ditch,  are  feeri,  in  their  true  Pro¬ 
portion. 

To  defcribe  the  Plan  of  the  Rampart,  Ditch  and  Ef- 
planade,  draw  the  Polygon  you  want,  with  the  * 

iine^  which  we  fhall  always  make  thicker  than  the  o- 
ther  lines,  for  diflinélion  fake.  Or  if  the  Paper  is  not  big 
enough,  defcribe  the  Triangle  of  your  Polygon  as  ABC, 
with  a  Curtain  and  Two  Demi-Baftions.  Within  the 
Polygon  draw  the  Line  DE  parallel  to  the  Mafler-line^ 
and  I  Toifes  diflantfrom  it,  for  the  Bafis  of  the  Para¬ 
pet,  which  muft  every  where  follow  the  Mafler-line  at 
3  Toifes  diflance.  Draw  again,  within  that,  the  Line 
FG,  parallel  to  the  Curtain,  and  ly  Toifes  diflant  froni 
it,  for  the  Bafis  of  the  Rampart^  as  you  find  it  iit  the 
foregoing  Profils. 

Then  defcribe  outwards,  from  the  point  of  the  Ba- 
{lion  for  your  Center,  the  Arch  HI,  with  the  difiance  of 
2.0  Toifes  for  the  Breadth  of  the  Ditch,  and  the  Coun- 
terfcarp  IK,  whicL  touches  in  one  Point,  or  rafès  the 
Arch  HI,  and  tends  to  thé  end  of  the  Orillon  of  tliè  op- 
polite  Flank,  when  there  is  one,  as  there  is  commonly/ 
that  the  Ditch  may  be  defended  from  all  th  è  retir’d  Flank» 
Draw  LMN  for  the  breadth  of  the  Cover’d  Wâÿ,  ^ 
Toifes  diftant  froni  the  Counterfcarp  and  parallel  to  it* 
Laftly,draw  OPCTparallel  to  the  foregoing  Line  LMN/ 
and  20  Toifes  diftant  from  it,  for  the  Breadth  of  tHé 
Efplanade. 

The 
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The  point  K  is  the  Angle  of  the  Coimterfcarp,  where 
we  have  added  the  place  of  Arms  MNM,  the  better  to 
flank  the  Fieidy  We  have  made  its  Demi-gorges  of 
ÏO  Toifes  each,  and  allow’d  iz  Toifes  for  each  of  its 
Sides  or  Faces  âMN* 

The  Coridor  or  Cover’d  Way  LM,  is  faid  to  be  En- 
filed  from  the  oppolite  Angle  of  the  Epaule  R,  becaufe 
from  that  Angle  one  may  fee  all  the  Cover’d  Way.  The 
double  Line  which  we  have  added  upon  the  Terre^pl^iï^ 
of  the  Rampart,  and  in  the  Cover'd  Way,  reprefents 
the  Banquette  ;  and  that  which  we  have  added  in  the 
Ditch  beyond  the  Maher- line^  reprefents  the  Berme. 
Laflly,  the  tranverfal  Lines  drawn  m  the  Parapet  of  the 
Rampart,  andin  the  Efplanade ,  reprefcnt  the  Glacis 
or  Slopes. 

How  to  draw  the  Tkn  of  a  Fort^  who[e  Enceinte  is  of 

the  fécond  kind. 

Aving,  as  before,  deferib  d  the  Mafler-line  of  the 
Baillons  and  Curtains,  draw  parallel  Lines  ac¬ 
cording  to  the  Breadths  mark’d  in  the  fécond  Profil, 
which  will  be  taken,  upon  the  Scale  of  the  Plan,  if 
there  be  one,  or  upon  the  Compalfes  of  Proportion,  hav¬ 
ing  open’d  tliem  in  fneh  manner  that  the  diflance  of  the 
points  mark’d  izo  on  both  fides  upon  the  Two  Lines  of 
equal  Farts,  be  equal  to  the  inward  fide,  becaufe  it  is 
always  fnppos’d  of  izo  Toifes. 

As  for  the  Rampart  and  its  Parapet,  they  are  mark’d 
within  the  MaflerJine,  and  the  Wail  beyond,  which 
always  is  parallel  to  it  in  every  place.  The  Rampart  is 
fo  too  fometimes,and  then  the  Baillons  are  Hollow,  and 
eafy  to  Count er?nine  ;  that  is,  to  make  Countermines  and 
Cafeans  in  ;  which  are  holes  in  the  Ground  like  Wells, 
from  whence  a  palfige  under  Ground  is  made  to  give 
Air  to  the  Enemy’s  Mine^  which  is  a  Hollow  that  he 
makes  under  the  Place  which  he  has  a  mind  to  blow  up 
with  Powder.  The  firlt  Palfage  ox  Head  that  is  drove 
under  Ground,  which  is  but  juft  wide  and  deep  enough 
for  a  Man  to  work  upon  his  Knees,  is  call’d  Gallery  or 
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Canal^  in  the  end  of  which  is  made  the  Chamber  of  the 
Mine,  call'd  alfo  Fourneatt,  which  is  a  little  Room  that 
the  Barrels  of  Powder  are  put  into,  to  blow  up  the  place 
defign’d.  This  Chamber  is  a  hollow  Cube  6  Foot  every 
way.  Sometimes  ’tis  made  m  the  Shape  of  a  Crofs,  to 
give  the  fire  a  paflage  upwards,  when  it  is  fear'd  that 
the  Befieged  (hon'd  give  it  Air,  which  may  happen 
when  the  Enemy  makes  it  in  an  empty  Baflion.  When 
the  floor  and  fides  of  the  Chamber  are  dry,  inflead  of 
Barrels,  only  Sacks  of  Powder  are  us'd,*  when  they  are 
wet,  the  Mine  is  made  as  a  hole,  which  the  Barrels^ 
call'd  CalfonSy  of  Powder  are  put  into,  and  they  are  fir’d 
at  once  by  fever al  Saucidges^  or  Pipes  made  of  tarr'd 
Cloth,  few'd  in  the  form  of  a  Gut,  which  reach  from 
the  Fourneau  to  the  place  where  the  Engineer  (lands  to 
fpring  the  Mine.  Laflly,  when  the  Earth  is  rocky,  or 
fuchjthat  one  cannot  make  the  Mine  in  the  defign'd  Place, 
little  Fourneaux  are  made,  and  an  Araignée^  which  are 
fevcral  little  Heads  that  end  in  fmall  Mines ,  call’d 
Faugates^  or  Fougaffes^  which  are  fprnng  all  at  once,  be¬ 
ing  fir'd  by  flower  or  quicker  Saucidges,  as  every  Mine 
or  Fourneau  is  nearer  to, or  farther  from,  the  main  Sail- 
cidge,  which  begins  at  the  entrance  of  the  Araignée, 

\  ■ 

-How  to  de  [cribs  the  Tlan  of  a  Fort^  whofe' Enceinte  is  of 

the  third  kind. 

Draw  the  Polygon  as  before,  with  the  Mafter- 
line  of  the  Curtains  and  Baflions.  Make  the 
Rampart  and  Parapet  as  ufual,  in  fuch  mafnner  that  thé 
Parapet  be  always  parallel  to  the  Mafterdine.  Beyond 
the  Mafler-line  deferibe  the  Falfe-brayc  every  where 
parallel  to  the  Mafler-line,  by  Two  Lines,  3  Toifes  dL 
ftant  from  it,  and  as  far  diflant  from  one.  another  fot 
the  Way  or  Terre-plain  of  the  Falfe-braye,  and  the 
fpace  of  it. 

We  have  already  faid  that  fuch  a  Falfe-braye  is  not 
much  approved  of,  and  that  Mr.  Vauban  makes  it  after 
another  manner,  as  we  (hall  explain  in  its  proper  phte; 
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‘Xy'ehave  not  mark’d  the  Tak's  in  ip.  to  avoid  con- 
fufion.  They  are  only  reprefented  in  large  Plans. 

jFIow  to  draw  the  Tlan  of  a  Fort  with  High  and  Low 

Flanks. 

ÎO  W  Flanks  are  made  in  a  Fortrefs  to  hinder  the 
Pafilige  of  the  Ditch,  by  ruining  with  Cannon  all 
the  Enemy’s  Works  and  Machines;  efpecially  the  Gal¬ 
lery,  which  he  nlually  makes  in  the  Ditch,  when  he 
has  pierc’d  thro’ the  Connterfcarp,  which  is  call’d  Sap- 
ping.^  to  bring  the  Miner  to  the  Face  of  the  Bafiion,  and 
after  to  come  to  an  Affault,  when  the  Mine  has  made 
a  confiderable  Breach. 

PUte  6.  Since  then  Low-flanks  are  made  to  difcover  and  flank 
Fig-  20,  the  Ditch,  and  efpecially  the  Face  of  the  oppofite  Ba- 
flion,  they  fhoiild  be  cover’d  by  an  Grillon,  whofe 
make  has  been  taught  in  Fig.  9.  Plate  g.  where  it  ap¬ 
pears,  that  the  Cove-r’d  or  Low- flanks  anfwer  to  the 
Face  of  the  oppofite  Bafiion,  it  being  fuperfluous  that 
they  fhould  difcover  more,  becaufe  they  wou’d  be  more 
expos’d,  which  wou’d-be  a  great  fault.  ^ 

‘  As  in  thefe  Low-flanks  pieces  of  Cannon  are  put  for 
the  defence  of  the  Ditch,  they  ought  to  have  a  Parapet 
upon  their  outward  edge,  6  Foot  high,  and  18  or  20 
Foot  thick,  with  Embrafures,  whofe  Merlons  mufl  be 
of  good  found  Earth,  and  a  Platform  of  above  4  or  5^ 
Toifes  for  the  Cannon  to  be  in.  This  Parapet  covers 
the  Cannons,  and  the  Grillons  preferve  the  Low-flanks, 
that  is,  hinder  them  ©from  being  broken  by  the  Ene¬ 
my’s  Cannon. 

The  High-flanks  are  abfolutely  neceflary  in  a  forti-  ‘ 
fled  Place,  becaufe  they  fupply  the  want  of  the  Low- 
flanks,  ^vhen  they  are  out  of  order  and  broken  :  Be- 
fides,  they  oblige  the  Enemy  to  make  his  Trenches,  , 
Batteries  and  other  Works  the  higher.  They  have  a 
Parapet  level  with,  and  like  that  of  the  Place  ;  that  part 
of  the  Rampart  which  remains  in  the  Demi-gorge, 
ferving  as  a  Battery  for  the  Cannons,  which  are  plac’d 
behind  that  Parapet  every  g  Toifes,  when  there  are 
Embrafures,  as  in  the  Low-flanks.  This 
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;  This  Figure,  and  one's  own  Reafon  (hews,  that  the  pute6 
High. hank  ought  to  be  more  retir’d  towards  the  Demi*  Fig,  20 
gorge  than  the  Low-fiank,  whole  Battery  may  be  level 
with  the  Fi.eld,  that  is,  1 5  foot  above  the  Bottom  of  the 
Ditch,  which  we  have  made  of  that  depth  *,  tho*  this 
Battery’may  be  made  a  little  lower,  to  be  more  out  of 
the  reach  of  the  Enemy’s  Gannon.  Whence  it  is  plain, 
that  when  the  Demi-gorge  is  very  large,  as  by  our  Me¬ 
thod  it  happens  in  the  great  Polygons,  one  may  have  3 
Cover’d  Flanks,  a  Low  one,  a  Middle  one,  and  an  High 
one,  after  Count  Tagans  Way,  as  we  {hall  fay  more 
fully,  when  we  explain  his  Method.  But  as  ouf  Flanks 
are  great,  methinks  Two  Cover’d  Flanks  ought  to  fuf- 
fice.  Three  Teeming  more  prejudicial  thanureful;  be- 
caufe  when  ruin’d  by  the  Enemy’s  Cannon,  they  would 
be  as  To  many  Steps  for  him  to  Mount  as  he  gives  Jfr 
fault;  that  is,  to  Mount  the  Breach  that  is  made  by 
the  Cannon  in  the  Body  of  the  Place  ;  and  when  a 
confiant  fire  is  made  upon  fuch  a  Breach  to  defend  it,  as 
it  may  happen,  if  the  Breach  is  in  the  Flank,  becaufe 
it  may  be  (hot  at  from  the  other  Flank,  we  call  it  F'oir 
en  Breche  (to  fee  in  the  Breach). 

In  each  Cover’d-flank  there  ought  to  be  a  little  Gate 
or  Vojiern^  thro’  which  one  may  go  out  at  the  bottom 
of  the  Ditch  without  being  feen  by  the  Enemy.  Such 
a  Poftern  is  of  ufe,  not  only  to  let  out  a  Guard  to  go  to 
the  Out- works,  and  to  make  Sallies^  that  is,  to  go  out 
of  the  City  in  order,  openly  to  attack  the  Befiegers,  and 
oppofe  his  Defigns,  but  alfo  to  go  to  the  C(yffers^  which 
are  made  before  the  Low-fiank  in  cafe  of  an  Attack, 
without  which  Pofierns,  one  cou’d  not  go  into  the 
Ditch,  nor  confeqnently  defend  thofe  Coffers^  which 
are  only  a  little  Ditch  made  in  the  great  one,  when  it 
is  dry,  over  againft  the  Low-fiank s,  ly  or  ao  Foot 
wide,  and  6  or  q  deep,  cover’d  with  Planks  and  Earth, 
rais’d  about  2  Foot  higher  than  the  bottom  of  the 
Ditch,  after  the  manner  of  a  Parapet,  to  have  feveral 
Port-holes  in,  for  fmall  pieces  of  Artillery,  which  are 
plac'd  in  fuch  a  Coffer  to  defend  the  Façe  of  the  op- 
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pofite  Baftion,  and  to  hinder  the  paffing  of  the  Ditch. 
Such  Coffers  are  only  made  in  a  dry  Ditch,  and  when 
there  is  no  Falfe-Braye,  which  wou’d  cover  them,  and 
render  them  ufelefs.  But  an  inftead  of  Coffers  we 
often  make  in  the  Ditch,  before  the  middle  of  the 
•  "rcmiUts  y  Caponier  es,  which  are  Lodgments  4  or  y  foot 
deep,  having  on  each  fide  a  paiiflado’d  Parapet,  about 
g  foot  high,  as  a  double  cover’d  Way,  to  cover  the 
Musketeers  lodg’d  in  it,  who  fire  thro’  the  Meurtieres^ 
and  pafs  thro’  fuch  a  Caponiere  to  get  to  the  Out- works. 
Thefe  are  often  made  upon  the  Glacis  of  the  Efplanade, 
to  repel  the  Enemy  when  he  endeavours  to  take  the 
cover’d  Way.  They  are  iifeful  to  fcoitre  the  Ditch, 
and  hinder  its  pafl'age. 

Thefe  Pofierns  are  made  at  A,  the  Bottom  of  the 
Orillon,  as  we  have  faid  elfewhere  ;  and  below  the 
Thee  haute^  or  high  Flank,  a  V^tult  is  made  to  bring 
the  Cannon  into  the  Cafemate,  or  low  Flank,  thro’  the 
Paflage  B,  in  the  upper  part  of  the  Orillon,  by  which 
one  defeends  to  go  to  the  bottom  of  the  fame  Orillon. 
From  the  Poftern  A  one  may  go  into  the  Coffers,  which 
are  over  againft  the  low  Flank  thro’  a  cover’d  Alley  or 
Trench,  which  is  made  in  the  Ditch  near  the  OriÙon. 
The  length  of  the  Coffer  takes  up  all  the  breadth  of 
the  Ditch,  in  this  it  differs  from  the  Caponiere,  which 
takes  up  but  part  of  it.  The  Befieger  Epaules,  that  is, 
covers  himfelf  againft  Coffers,  by  cafting  up  Earth  on 
that  fide  that  the  fire  of  the  Musketeers  comes  from 
the  Coffer. 

Near  the  high  Flanks,  upon  the  Rampart  at  the  Angle  ' 
of  the  Flank,  Cavaliers  are  added  to  fire  a  great  way,  | 
difturb  the  Enemy  in  his  Trenches,  break  his  Batteries, 
and  difmount  his  Cannon.  Cavaliers  are  alfo  ereéled 
upon  the  Curtains  for  the  fame  end,  efpecially  when 
there  are,  within  Cannon  fliot,  riling  Grounds  which 
command  the  Place,  and  which  one  has  not  time  to 
level  ;  otherways  it  is  better  to*  level  them,  or  leave 
them  when  they  are  out  of  Cannon-fliot,  which  is  a- 
bout  1000  Toifes  point  blank,  becaufe  then  only  Stee¬ 
ples  or  Chimneys  can  be  hit.  When 
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“When rifing Grounds  beat^é*  revers is,  in  tbf Rear,, 
I  or^ upon  the  Back  of  any  place,)  in  the  Baftions^^whiçh 
is  the  word  command,  or  upon  fiich  places  as  ougHt 
to  defend  others,  then  Traverfes  or  Parapets  arç^ 
along  the  Capitals,  about  Six  Foot  high  towards  their 
Bancjuette,  and  five  on  the  other  fide  ;  and  when  fiich 
Hills  enfik  the  Faces,  and  difcover  Flanks,  Traverfes 
are  made  in  the  Ditch.  But  one  may  hinder  a  Bafiion 
from  being  commanded,  by  raifing  its  Point  ;  or  keep  a 
Battery  from  playing  in  a  Bafiion,  by  raifiog 

the  Flank  and  Face  on  the  fide  towards  that  Hill. 

Lafily,  when  rifing  Grounds  afe  near  the  Place,  they 
mufl  be  enclos’d  in  Tome  Out- work,  as  in  a  Horn-work^, 
or  in  a  Crown’d-wofk:  whofe  conftruiUon  will  be 
taught  in  the  Second  Part  :  or  elfe  when  they  areVery 
near  the  Place,  as  within  'Musket- (hot,  a  Citadel  is 
built  about  them,  as  will  alfo  be  taught  in  the  Second 
part. 


Hovo  to  defer  He  a  Fort  with  the  Thee  of  ^ Arms  ^  and  the 

'  chief  Streets,  '  ' 

TH  E  Tlaee  of  Arms  of  a  Fortified  Town  y  is  a,grea^  Plate 
Space  free  and;  void,  of  the  rame  fhape  withj  the  ^ 
Fortified  Polygon,  iifually  leit  in  the  middle  oj,  a 
Town,  to  difcover  equally  frpm  all  lides,  and  where^the 
chief  Streets  end,  which  ought  to  anfwer  not  only,  ta- 
wards  the  middle  qf  tlie  Curtains  to  the  Gates,  for  ’]|h€ 
converttency  of  the  Inhabitants,  but  alfo  to  the  Grofges 
of  the  Baftions  ;  that  from  O,  the  Centeif.  of  the  place, 
the  Goyernour  or  Major  may  fee 'jyhai'S  (Jpne  inajïthç 
Attacks^  and  fend  a  fpeedy  relief  AvhVrb  it  is  necefiary, 
without  being  oblig’d  to  go  to  inform  himfelf  where 
’tis  needful,  and  that,  thus Teeing  ajfthe  Baflions,  the 
middle  of  the  Curtains,  and  the  Gates,  the  Town  may 
be  kept  in  Subjeélion.  Iii  the  Place  of  Arms  the  Soui- 
diers  are  calfd  together  to  receive  Orders,  and  to  Ex- 
ercife. 

Its  bignefs  ought  to  be  proportion’d  to  the  Fortified 
Polygon  ;  which,  raethinks,  can  be  done  no  way  bet- 
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ter,  than  by  allowing  for  its  Radius  OG,  or  OH,  when 
the  Place  is  regular,  the  Length  of  a  Demi-gorgey  which 
always  increafes  as  the  Polygon  has  a  greater  number 
of  Baflions,  according  to  our  Method,  at  leafl:  as  far  as 
the  ^Decagon. 

As  for  the  Streets,  there  is  always  one  made  along 
the  Rampart,  à  little  wider  than  the  reft,  as  of  S  Toifes, 
that  there  may  be  room  to  retrench  in  cafe  of  neceffity, 
and  tpfetthe  Souldiers  in  Battle-array,  and  but  ^em  in 
Order  of  defence  upon  a  fudden  Alarm,  This  Space 
ferves  tilfo  to  hinder  the  Houfes  from  having  any  Com¬ 
munication  with  the  Rampart,  the  better  to  fecure  the 
Rounds,  the  Guards,  and  the  whole  Place.. 

The  other  Streets  are  made  Narrower,  as  of*  Six 
Toifes  at  moft  in  great  Places  only,  for  their  breadth  is 
lefs  in  little  Places,  as  of  3  or  4  Toifes.  They  have  a 
Communication'  one  with  another,'  and  the  chief  are 
drawn  along  the  Radii  of  the  Polygon,  and  the  lines 
drawn  from  the  Center  of  the  Place  thro’  t;he  middle 
of  the  Curtains,  to  ^nfwer  to  tl^e  Center  ôf  the  Ba- 
ftions  and  the  Gates.  ^ 

y  lrhè  Gates  pf  the  City  are  generally  made  at  the  end 
'  pfj  fiich  Streets  as  anfwer  to  the  mfàâle  of  thé  Curtains, 
^which  is  the  ftrongeft  place,  a^being  defended  by  both 
the  Tlanks,  which  ought  to  be  fo,  becaufe  the  Gates 
are  iii  more  danger  of  a  Surprife  than  any  other'Part. 

16 

,  a 

Placé  of  War,  bVeaufe  then  there  won’t  be  ocëàfion  for 
To  many  Corps  de  Guard,  which  are  neceffary  to  pre¬ 
vent  Surprires./  The  Way  to  them  is  thlb’  Vaults 
made  under  the  Rampart,  in  the  middle  of  which  there 
Plate  8  OPgues^  which  afe  feveral  long  and  thick  Piéées  of 
ivjg;.  22/Timber,  arm’d  with  Iron  at  bottbm  as  A,  half  afoot 
diftant  from  one  another,  and  fafpbtided  by 'a  Rope  C, 
from  the  Roller  B,  which  is  above,  and  is  let  loofe 
when  we  wou’d  have  thefe  Orgues  hW  all  at  once  upon 
the  Paftàge  in  cafe  of  any  Enterprife,  to  barr  up  the 

Way 


They  ought  to. be  I©  or  12  loot  wide,  and  ly  or 

w  .  '1:  : 

The  feweft  Gates  that  mav  be  /  are  made  in 
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Way  as  a  Door  wou’d,  and  tho'  broken  by  a  Petard  or 
Cannon  they  fall  inftantly  and  by  their  length  Hill  Stop 
up  the  Way. 

0  Orgues  are  better  than  Herfes,  Lattices  or  TortcuU  Plate 
Ikes,  which  are  a  kind  of  Door  made  in  the  form  of  a 
Harrow  of  fevcral  Pieces  of  Timber,  arm’d  with  Iron 
Spikes  as  AB,  let  down  by  m^ans  of  a  Moulinet  or  Rol- 
1er,  where  it  is  fufpended  by  a  Rope  as  the  Orgues , 
when  the  City-Gate  has  been  broken  ;  becaufe  a  Petard 
may  break  the  Herfes  without  any  fpeedy  and  eafy  Re¬ 
medy,  and  they  may  be  kept  from  coming  down  by 
fetting  a  Piece  of  Wood  upright  in  the  Grooves  made' 
in  the  Door-cafe  for  them  to  Aide  in  :  or  elfe  by  putting 
under  them  Chevalets,  which  are  a  kind  of  four-footed  rreffeh. 
Tables,  as  AB,  or  CD  ;  or  an  over-thrown  Waggon. 

The  Vault  mention’d,  has  two  other  Vaults,  one  on>;;^.  2$^ 
either  fide,  call’d  Corp^  de  Guard  or  Guard- Houfes,  be« 
caufe  a  Guard  of  Souldiers  is  there  plac’d  to  prevent 
Surprifes,  Several  Gates  are  ufually  made  in  the  fame 
Vault  or  Entrance,  with  feveral  Guard-Houfes  to  de¬ 
fend  the  Town  from  furprifes,  and  hinder  the  efFe6l  of 
the  Petard,  but  they  ought  to  be  made  in  a  winding 
Paflage,  becaufe  the  Petard  or  Cannon  wou’d  break 
feveral  of  them  at  once,  if  they  [food  in  a  right  line. 

Each  Gate  is  cover’d  by  a  Half  Moon  or  Ravelin,  the 
Way  to  it  being  over  the  great  wooden-Bridge  L,  which 
is  made  in  the  Ditch  of  the  Place,  and  is  unmoveable,  be¬ 
ing  fupported  by  Pillars  of  Wood,  and  fometimes  of 
Stone  as  B,  and  for  that  reafon  it  is  call’d  a  Dortfiant 
(Sleeping)  being  diftinft  from  another  Bridge 

near  the  Gate  of  the  Place,  call’d  Tout devis,  or  Draw- 
Bridge,  becaufe  it  is  drawn  up,  or  let  down  at  pjeafure. 

Thefe  Draw-Bridges  are  of  two  kinds,  of  which  the 
moft  common  are  call’d  the  Touts  k  Fleches,  which  are 
drawn  up  or  let  down  all  at  once  as  A  BCD,  whofe  mo¬ 
tion  is  at  CD  towards  the  Gate,  and  which  is  fufpended 
at  the  other  end  AB  by  two  iron  Chains  AE,BF,  which 

An  Engine  of  Metal  filtd  roith  Powder  to  break  Gates,  Partcullices  j 
^c.  defcridd  at  the  end  of  the  Sixth  Pari-,  which  fee. 


are 
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are  fix^d  to  the  Flkhes  or  fmall  Beams  EG,  FH,  whofe; 
motion  raifes  or  fînks  them. 

Such  a  Bridge  is  none  of  the  befl;  becaiife,  as  the: 
Chevalier  de  Ville  fays,  it  is  difcover'd  when  drawn  iip^. 
and  if  the  Flèches  break,  it  can  neither  be  rais’d  nor  I°et: 
down.  The  beft  are  the  Bafcuh^ Bridges^  which  are; 
fuch  as  rife  by  the  means  of  a  Count erpoife  within., 
Bridges  ought  to  be  built  fo  low  as  not  to  be  com-- 
manded  from  the  Field,  and  fo  wide,  that  two  Wag-^ 
gons  a-brealt  may  go  over  them. 

A  Draw-Bridge  is  often  made  only  with  Traps\  that: 
is,  Planks  which  are  taken  off  and  put  on  every  day.. 
There  are  generally  two  Draw-Bridges  joyn’d  to  the* 
main  Bridge,  one  in  the  middle,  and  one  next  to  the: 
Gate,  and  a  Centinel  is  plac’d  at  each  Draw-Bridge  :  and! 
then  the  Bridge  (liou’d  wind  a  little,  as  the  Entrance  off 
the  Place  does. 


Draw-bridges,  are  made  in  every  Work,  that  the? 
high- way  goes  thro’,  and  when  -there  is  no  Ravelin  be-- 
fore  the  Gate  of  the  Place,  a  Guard-Houfe  is  built  in 
the  middle  of  the  Dormant-bridge  ;  but  otherwife  ’tis: 
built  in  the  Ravelin:  tho’ when  there  is  no  Ravelin,; 
there  ought  at  leafi  to  be  a  cover’d  Way  M,  and  before? 
the  great  Bridge  or  Font  dormant^  a  good  Pali  fade  I,, 
with  Turn-Stiles  O,  and  a  BailK^  to  open  and  flliit  for' 
the  palling  of  Carts. 

Lallly,  in  the  City  along  the  Rampart  are  built  Caferns' 
or  little  Houfes  for  the  Souldiers  of  the  Garrifon,, 
that  they  may  be  lefs  burthenfome  to  the  Inhabitants. 
Each  Calern  has  generally  two  Beds,  to  lodge  Six; 
Souldiers,  three  and  three.  Half  of  thefe  mount  the  ^ 
Guard,  and  the  reft  flay  to  fecure  that  Quarter.  The  , 
Horfe  ufually  lodge  three  or  four  in  a  Cafern,  and  Uie 
Foot  Six.  Magazines  alfo  are  made  in  the  neareft 
Streets  to  the  Rampart,  that  the  Ammunition  may  be 
carried  the  eafier.  The  Magazines  of  Powder  ought 
to  be  the  fartheft  from  one  another,  and  in  thé  clol'efi 
places  that  may  be. 

*  *  J  _ 
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How  to  dr^w  the  Thn  of  a  Fortification  upon  the  Ground, 

T'^HE  Way  to  defer ibe  a  Fortification  upon  Paper 
'  differs  much  from  that  of  drawing  it  upon  the 
Ground;  for  here  you  cannot  ufe  a  Scale  and  Coin  pafles 
for  raeafuring  of  Lines,  nor  a  ProtraSor  for  meafiiring 
Angles  :  but  inftead  of  a  ProtraSor,  you  mud  have  ” 

phometer^  to  draw  upon  the  Ground  Angles  of  as  many 
degrees  as  you  pleafe,  as  we  have  taught  in  out  Introduc- 
tion  toMathematkks;  and  inftead  of  a  Scale  andCompafles, 
you  mud  have  Stakes  to  faden  Lines  to,  and  a  pretty 
longChain  divided  intoToifes  and  feet  to  meafnre  lines. 

We  have  already  taught  how  to  deferibe  upon  the 
Gound  the  Mafter-line  of  the  Curtains  and  Badions, 
when  we  Ihew’d  how  to  Fortify  by  computed  Tables:  ) 
what  remains  is  to  teach  how  to  draw  about  fuch  a 
Place  the  Plan  of  the  Rampart,  Berme,  Ditch,  Cover’d 
Way,  and  Efplanade,  which  mud  be  done  before  the 
Earth  be  dug  up. 

Having  drawn  thro’  the  middle  6f  the  Face  of  the  "eUti 
Badion  the  line  AB,  as  near  as  one^can,  perpendicular 
to  it  ;  take  on  the  infide  of  the  Face  from  I  to  B,  ly 
Toifes  for  the  Bafis  of  the  Rampart  ;  and  on  the  oiit- 
fide  of  it  from  I  to  D,  4  Foot  for  the  Berme,  from  I  to 
E,  20  Toifes  for  the  breadth  of  the  Ditch,  from  E  to 
F,  y  Toâfes  for  the  Coridor,  and  from  F  to  A,  20  Toifes 
for  the  Efplanade. 

We  have  not  mention’d  I  C  the  breadth  of  the  Pa¬ 
rapet,  becaufe  that  breadth  mud  be  taken  upon  the  ^ 
Terre-plain  of  the  Rampart,  which  is  not  yet  rais’d. 
Having  prepar’d  things  thus,  with  a  Spade  or  a  Plough 
make  on  the  infide  thro^  the  point  B,  a  furrow  parallel 
to  the  Mader-line  for  the  beginning  of  the  Rampart,  if 
you  wou’d  have  hollow  Badions,  and  on  the  outfide 
•thro’  the  point  I,  another  furrow  parallel  to  the  Mader- 
line  alfo  for  the  Berme. 

The  Ditch  is  eafily  drawn,  if  thro’  the  point  E,  the 
CoLinterfcarp  be  deferib’d  parallel  to  the  Face  of  the 
Badion,  when  all  the  cover’d  Flank  can  defend  the 

Ditch 
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Ditch,  otherwife  it  muft  be  drawn  to  the  revers  or  back 
part  of  the  Orillon,  if  there  be  one.  For  the  rounding  of 
the  Ditch,  take  a  Line  20  Toifes  long,  or  as  long  as  the 
breadth  of  the  Ditch,  and  faflening  one  end  of  it  to 
^  the  Point  of  the  Baftion,  the  other  will  defcnbe  the 
Arch  requir'd. 

Laflly,  Thro'  the  point  F,  draw  a  line  or  furrow  par¬ 
allel  to  the  Counterfcarp  for  the  cover'd  way.  Yon 
may  do  as  much  thro'  the  point  A  for  the  Eiplanade, 
but  it  is  not  fo  neceflary,  nor  fo  eafy  by  realon  of  the 
nnevennefs  of  the  Ground,  'twill  fuffice  to  make  the 
Glacis  of  the  Efplanade  lofe  it  felf  gradually  towards  the 
Field,  about  15  or  20  Toifes  off  from  the  Cover’d  Way. 

Move  to  raije  the  Rampart  with  its  Tarapet^  and  the 
EJplanade  with  the  Earth  dug  out  of  the  Ditch, 

HAving  defcrib’d  upon  the  Ground  the  Plan  of  the 
Rampart,  Ditch,  and  Efplanade  as  before  taught, 
we  mnfl  begin  with  the  Foundation  of  the  Rampart, 
which  is  dug  down  five  or  fix  foot,  when  the  Earth  is 
not  firm  enough,  stnd  deeper,  as  '7  or  8  foot,  when  the 
Soil  is  Sandy,  and  in  fuch  a  cafe  it  is  pav'd  with  Planks, 
fometimes  Vih's  are  fiuck  in  it,  which  are  great  Oaken 
Stakes,  fharp  at  one  end  and  arm'd  with  Iron  at  each 
end.  Thefe  Piles  are  driven  into  the  Earth  as  far  as  the 
^ iff  Beetle.  Ram  Can  drive  them,  then  their  hea^ds  are  fix’d  w  ith 
Stones  that  are  forc’d  between  them  ;  or  elfe  when 
there  is  Water  or  moving  Sands,  the  Piles  are  fafien'd 
together  with  crofs- pieces  of  Wood,  like  a  clofe  Lattice 
pinn'd  with  Iron,  to  fix  the  heads  of  all  the  Piles,  upon 
which  a  Floor  is  made  for  a  Foundation  ;  and  if  the 
Earth  be  moving,  the  Piles  are  driven  a  little  flaming 
to  refifl  the  pufhof  the  Sands. 

vUsc^.  That  the  outward  part  of  the  Rampart  may  bind  the 
24.  better,  ’tis  cover’d  with  Turfs  made  in  the  Shape  of  a 
Wedge  to  cleave  Wood  as  ABC1Î,  and  whofe  length 
AD  is  f  y  inches,  breadth  AB  6  inches,  and  thicknefs  at 
BC,  the  bigger  end  which  flands  outwards,  y  inches. 
As  for  its  thicknefs  at  the  other  end  D,  we  fhall  leave 
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it  undetermin’dj  becaufe  it  depends  upon  the  flope 
which  is  given  to  the  Rampart;  and  the  Workman 
muflcut  the  Turfs  according  to  that  flope.  The  befi: 
Turfs  are  got  in  Meadows,  becaufe  their  earth  is  bet¬ 
ter  bound  together  by  the  roots  of  the  Grafs. 

Having  laid  the  firft  Turfs  along  the  line  AB,  for  Plate 
the  beginning  of  the  Foundation  of  the  Rampart,  peg^-^^.  2 
each  Turf  to  the  Ground  with  a  good  wooden  Pin.  , 
Upon  this  firft  Bed  of  Turfs  lay  another,  and  upon  that 
a  third,  and  fo  on  up  to  the  top  of  the  Rampart,  in  fuch 
manner  that  the  Second  Bed  of  Turfs  cover  all  the 
joints  of  the  Firfl,  and  the  Third  likewife  may  cover  all 
the  joints  of  the  Second,  and  foon  as  the  Figure  Ihcws. 

Every  Turf  mull  have  affrong  wooden  Pin  thro'  it, 
and  to  bind  them  the  better,  Stanches  of  Willow  a- 
bout  an  inch  thick  are  fluck  Horizontally  into  the  fore¬ 
part  of  the  Rampart,  each  thro'  two  Turfs  to  hinder 
I  the  Earth  from  falling. 

The  fpace  between  the  Rows  of  Turfs  mufi  be  fill'd 
with  the  Earth  of  the  Ditch,  well  beaten  with  Ram¬ 
mers  or  TtlonSj  which  are  pieces  of  Wood  y  or  6  foot 
long,  with  Iron  at  each  end;  which  are  held  by  two 
Handles  about  the  middle  of  them,  when  they  are  us’d 
to  beat  the  Earth.  Pavers  commonly  life  them  in  beat¬ 
ing  down  the  Stones  when  they  pave  the  Streets. 

The  Earth  mufi:  be  wet  when  it  is  ramm’d,  that  it 
may  joyn  the  better,  and  thus  a  foot  of  Earth  will  be 
reduc’d  to  feven  or  eight  inches;  and  to  keep  true  to 
the  fame  Talu,  one  mulfufe  the  Hanging- Level 
vjho^tBevel  or  Slant  CF  fuits  with  the  flope  of  the  Talu, 
fitting  CF  to  a  board  laid  along  the  beginning  ofthe  Ta¬ 
lu,  in  fuch  manner  that  the  Thread  GH  may  fall  upon 
the  line, which  ought  to  be  parallel  to  the  fide  CD,  orEF. 

The  Terre-plain  of  the  Rampart  is  made  to  incline 
a  little  towards  the  Town,  as  well  to  let  the  Water 
run  that  way,  as  to  facilitate  the  Recoil  of  the  Cannon, 
which  thus  goes  out  of  Sight  of  the  Enemy  recoiling 
after  every  (hot  :  and  'tis  levell’d  about  a  Foot  higher 
than  it  fhou'd  be,  becaufe  of  its  finking  as  it  recoils. 

Trees 
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Trees  are  planted  here,  and  efpecially  Elms,  whichi 
are  the  heft  :  their  Roots  are  urefui  in  binding  the: 
Earth  :  of  their  Timber  are  made  the  Carriages  for  the: 
Cannons,  and  of  the  Boughs  Fafcines^  which  are  Fag¬ 
gots  ol  fmall  Branches. 

Upon  the  outward  part  of  the  Rampart,  at  the  foot: 
of  its  Parapet,  that  is,  level  with  the  Terre-plain,  are: 
Buck  Fraifesj  which  are  Square  Oaken  Stakes,  Ruck. 
Horizontally,  within  Six  inches  of  one  another,  {land¬ 
ing  lo  or  12  foot  out  of  the  Ground,  to  prevent  Scalade^r 
and  the  Defertion  of  Souldiers. 

Plate  When  the  Rampart  is  finifli’d,  and  the  Earth  welll 
27-  fettled,  the  Parapet  mufl  be  rais’d  upon  it  after  the: 
fame  manner,  Six  foot  high  on  the  fore  fide  A,  and  4. 
foot  high  at  the  back  fide  B,  covering  it  with  Turfs  oni 
both  Sides,  and  alfo  on  the  top,  tho’  ’tis  better  to  Sow' 
it  with  Hay-Seed,  or  fome  Herb  which  does  not  grow^ 
very  high. 

You  mufl  leave,  as  we  have  already  faid,  a  Way  CD) 
between  the  Rampart  and  Ditch,  call’d  Berme^  to» 
Strengthen  the  Rampart,  and  flop  the  Earth  of  the: 
Parapet,  which  might  fall  of  it  felf,  or  by  the  Shock  of 
the  Enemy’s  Cannon,  and  without  that  Berme  wou’d! 
fall  into  the  Ditch  and  Spoil  it. 

In  making  the  Tain’s  of  the  Ditch,  which  mufl  be: 

.  the  lafl  things  that  are  made,  becaufe  they  might  be: 
broken  during  the  other  work  ;  their  Earth  may  ferve: 
for  the  Efplanade,  which  ought  to  be  Six  Foot  high,, 
and  ly  or  20  Toifes  broad,  as  we  have  faid  elfewhere,, 
and  which,  as  much  as  may  be,  ought  to  be  of  Stones  or  * 
Pebbles  cover’d  with  Turf.  1 

Works  of  Earth  ought  not  to  be  made  in  Winter,  by 
reafon  of  the  Frofl,  but  in  Summer,  when  the  Earth 
is  dry  ;  the  befl  kind  of  it  being  Clay  or  Marie,  which 
binds  befl,  and  does  not  require  fo  much  Talu,  befides 
it  produces  a  great  deal  of  Grafs,  whofe  Roots  make  it . 
firm  and  fupport  it. 

Sandy  Earth  is  not  good,  and  gravelly  worfe,  being 
hardly  kept  up  without  a  Wall,  whofe  Foundations 

.  mufl 
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miifl  be  laid  as  thofe  of  the  Rampart ,  or  elfe  by 
digging  down  to  firm  Ground,  and  filling  up  the  Hole 
with  Mortar  made  of  hot  Lime^  mix'd  with  Gravel  and 
Pebbles,  which  bind  fo  well  together,  that  Stone  it 
felf  is  not  harder. 

The  depth  of  the  Foundations  is  reckon’d  from  the 
firm  Ground  to  the  Level  of  the  Ditch.  They  ought  to 
contain  the  Talus  of  the  Wall,  which  befide  its  Talu 
ought  to  widen  a  Foot  and  a  half  at  bottom  on  each  fide 
to  make  it  the  more  Solid  ;  and  this  is  call’d  Retraite^ 
This  Talu  is  commonly  equal  to  the  ninth  part  of 
the  Wall’s  height,  which  is  about  4  Toifes  above  the 
bottom  of  the  Ditch.  Whence  it  follows,  that  to  lay 
the  Foundations  of  the  Wail  right,  you  mull  know 
what  height  ’tis  to  be  of. 

Tho’  in  the  Profils  we  have  made  the  thicknefs  of 
the  Wall  9  Foot,  neverthelefs  that  ought  not  to  be 
taken  for  a  general  Rule,  becaufe  that  thicknefs  ought 
to  alter,  according  to  the  Nature  of  the  Soil  that  it  is 
to  fupport,  firm  Clay  not  wanting  fo  thick  a  a 

lean,  or  fandy  Soil.  It  is  generally  made  four  Foot 
and  a  half  thick  about  the  Cordon,  that  is  the  height 
of  the  Rampart;  and  three  may  do,  if  the  Mafon’s 
Work  be  good- 

We  have  faid  elfewhere  that  Eperons  or  Counter* 
forts  are  added  to  the  Wail,  to  make  it  Stronger,  and 
the  better  able  to  fuftain  the  Earth  which  is  always 
preffing  outward  :  and  here  you  mufl  note,  that  when 
there  is  a  Wall,  there  is  no  need  of  a  Berme  or  Fraifes, 
becaufe  a  Wail  is  fleep  and  can’t  be  fo  eafily  Scal’d  :  but 
one  may  have  Palifado’s  at  the  Foot  of  the  Wall,  or 
round  ftraight  pieces  of  Wood ,  about  a  Foot  thick  and 
12  Foot  long,  funk  half  way  into  the  Earth,  as  near  to 
one  another  and  the  Wall  as  poflible,  to  hinder  it  from 
being  under-mined. 

The  Rampart  mufl  be  made  before  the  Wall  is  built, 
otherwifeit  wou’d  hinder  one  from  carrying  the  Earth 
out  of  the  Ditch,  and  alfo  to  give  the  Earth  of  the 
Rampart  tp  or  three  Years  time  to  fink  and  fettle; 

other- 
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otherwife  as  it  pnflies  mightily,  and  efpecially  after 
Rain,  the  Wall  wou’d  have  much  a-do  to  fuftain  it^  andi 
be  in  danger  of  being  overthrown.  The  Wall  may  bet: 
built  of  Stone;  but  Brick  is  better,  becaufe  a  Çannon- 
ball  only  makes  a  hole  in  it,  withoutbeating  it  to  pieces.. 

When  the  Ditch  is  digging,  Pillars  are  left  untouch’dl 
of  the  fame  Earth  which  is  taken  away,  call’d  Témoins^ 
(Witneffês)  by  which  one  may  find  out  how  many  Cu^' 
bick  Feet  or  Toifes  of  Earth  have  been  taken  awayi 
Several  Sorts  of  Inllriiments  are  us’d  to  dig  and  carry/ 
np  and  down  the  Earth  and  Stones,  the  moft  commom 
of  which  flVall  be  here  explain’d  in  their  Order.  Butt 
before,  we  mufl:  tell  you  that  when  the  pitch  is  dug  fo) 
deep  that  the  Earth  cannot  be  thrown  out  without  go- 
ing  up,  a  Bridge  mull  be  made  for  the  Workmen  aboutt 
*7  or  8  Foot  high,  that  fuch  as  bring  up  the  Earth,  andi 
fuch  as  go  down  empty-handed,  may  pafs  at  the  fame; 
time  without  difturbing  one  another.  This  Bridge  iss 
made  of  feveral  firong  Planks  faften’d  to  one  anotheri 
and  fet  upon  Treffels  of  different  height,  ' that  the; 
Bridge  may  rife  gradually,  and  Barrows  of  Earth  may 
be  eafier  wheel’d  up. 

An  Explanation  offome  Infir uments  us*d  in  Fortification, 
to  move  the  Ear t hi  and  break  Ground.  \ 

The  Inftruments  us’d  to  break  Ground^  that  is,, 
to  dig  and  open  the  Earth  in  order  to  carry  iu 
elfewhere,  and  make  Ramparts  and  Parapets  of  it,, 
are  firfl  the  TickcAXy  fb  call’d  becaufe  it  pecks  and  opens; 
the  Ground.  Its  Iron  is  Ilia rp  pointed  and  a  Foot  long,, 
with  a  wooden  Handle  about  3  Foot  long.  ^ 

Mat  toe  ki  of  about  the  fame  bignefs  as  the  fore-i 
going  Infiniment,  but  different  in  this,  that  its  pointr 
is  3  inches  broad,  and  that  ’tis  very  ufeful  in  hard  andl 
ftony  Ground,  where  the  Pick-Ax  makes  only  an  hole. 

The  IFoodenfiwelj  of  about  the  fame  length  as  the. 
other  two  foregoing,  to  throw  the  Earth  into  the  Bar-, 
rows,  or  into  the  Tumbrels,  to  carry  it  to  another* 
places 

This  I 
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This  Shovel  is  ufually  all  of  Woo^i  and  fometmies 
it  has  Iron  at  the  end.  or  all  round  the  Bit,  that  it  itrav  F/e.  20 
lafl  the  longer  and  enter  better  into  Clay  or  hard  Earth. 
-Turfs  are  ufually  cut  with  it.  '  ' 

The  Spa^Cj  lower  part  is  all  of  Iron  and 

Square  at  top  to  fet  one’s  Foot  upon,  when  earth  is  dug 
without  Pick-Ax  or  Mattock. 

The  Crow,  which  is  a  Bar  of  Iron  about  three  or 
four  Foot  long,  to  heave  up  Stones  by  putting  one  end 
of  it  under  them,  to  feparate  and  lift  them  from  the 
Earth,  and  hoiflthem  upon  the  Hand-Barrows, 

That  the  Crow  may  take  the  better  hold,  it  is  gene¬ 
rally  bent  and  turn’d  up  at  the  end,  and  when  it  is  fo 
bent,  the  French  call  it  PW Chevre  (Goat's  foot  :) 
and  the  better  to  raife  Stones,  under  the  Crow,  which 
is  inllead  of  a  Leaver,  a  little  Stone  or  a  piece  of  Wood 
is  laid  to  ferve  for  a  fix’d  Point,  or  Center  of  Motion, 
which  the  Mafons  call  a  Beat,. 

An  Explanation  of  fome  Infiniment s  tis*dtn  Fortification^ 
to  carry  Earth  from  one  Tlace  to  another, 

The  Inflruments  us’d  to  carry  Earth,  are  Grft  the 
fFheeUBarrow,  which  confifk  of  two  Arms,  a. 
Wheel  and  a  Box  or  Trough  in  the  middle,  which  is 
fill’d  with  the  Earth  of  the  Ditch  with  a  Shovel,  and 
ferves  to  carry  it  to  the  Rampart,  Parapet,  or  cover’d 
Way,  i^c. 

Its  figure  fliews,  that  by  lifting  up  its  Arms  or  Han¬ 
dles  one  Man  may  run  it  along.  Thefe  Handies  ought  ' 
to  be  about  a  Foot  and  a  half  long  befides  the  Trough, 
which  is'^  inches  deep,  16  long  and  ly  broad  to  hold 
about  a  Cubick  Foot  of  Earth. 

The  Tumbrel,  which  is  a  Cart  with  two  Wheels,  rail’d 
at  bottom,  with  Planks  on  the  fides  held  by  four  largo 
Pieces  of  Timber  like  Joifts,  call’d  Blades  ;  this  is  us’d 
to  carry  Earth  and  fuch  little  Stones  as  are  dug  up  ;  for 
the  great  and  heavy  Stones,  which  the  Ornaments  and 
Angles  of  the  Baffcions  are  made  with,  are  carried  in 
Waggons  which  are  are  made  ffronger  and  go  upon 
four  Wheels  E  ’  Th^ 
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The  Dojer,  or  Tanier^  made  of  Ozier  twigs  pretty 
deep,  carried  generally  upon  the  back  with  Braces  or 
Straps  ot  Leather,  that  Men  thrufi:  their  Arms  thro* 
to  carry  the  Panier,  which  is  only  to  take  the  Earth  a 
little  way.  It  holds  about  half  a  folid  Foot  of  Earth. 

The  Hand  Barrow i  which  is  an  Inllriiment  of  Wood, 
iifnally  ol  Beech,  with  four  Handles  about  2  Foot  long 
a  piece/  with  a  Grate  or  Bars  in  the  middle,  to  lay  the 
Stones  upon,  that  are  found  in  the  Ground,  that  they 
may  be  carried  by  two  Men  to  the  place  where  they 
are  wanted. 

Mafons  u(e  a  Stronger  Hand-barrow  to  carry  heavy 
Stones  by  the  help  of  lèverai  Men.  They  alfo  ufe  one 
of  another  kind,  made  like  a  Ladder,  to  carry  carv’d 
Stones  to  build  with,  and  other  Materials  in  Troughs, 
which  hang  from  this  Barrow  by  four  Cords  and  an 
Iron  Hook. 

How  to  raife  the  TJan  of  a  Fortification  in  TerfpeSiive, 

The  Art  of  reprefcnting  in  PerfpcQive  an  Obje6l 
rais’d  upon  its  Geometrical  Plan,  is  call’d 
graphy,  whether  this  reprefentation  be  drawn  in  true, 
or  in  Military  Perfpeftive,  which  we  fhall  ufe  here,  as 
being  fitted  for  the  Matter  we  treat  of,  becaufe  as  we 
have  faid  cllewhere,  it  does  not  alter  the  Geometrical 
Plan,  and  (hews  what  is  rais’d,  and  diflinguiflies  every 
Part  in  particular  as  well  as  true  Perfpeftive,  whicn 
requires  a  deal  of  time,  and  is  very  hard  to  fuch  as 
wou’d  draw  according  to  all  its  rules,  and  changes  the 
Proportion  of  the  Baflions,  which  tho’  regular,  appear 
too  irregular,  and  as  it  were,  lame  and  defencelefs. 

Having  drawn  in  White  (that  is,  with  the  points  of 
your  Compafles  upon  Paper)  the  Ichnographical  Plan 
of  what  you  wou’d  raife  in  Perfpedtive,  draw  from  all 
*the  Angles  of  that  Plan,  except  thofe  of  the  Tain’s, 
White  lines  parallel  to  one  another,  and  Perpendicular 
to  one  fame  right  line,  drawn  at  pleafure,  as  VX.  Then 
begin  to  raife  the  higher  Part,  {vh.)  the  Parapet,  be- 
caule  the  highed  Parts  hide  from  the  Eye  thofe  that  arc 

lower 


0/  Regular  Fortification»  67 

lower  behind  ;  the  highefl:  Parts  therefore  you  maj’ 
draw  in  Black  without  fear  of  a  miflake.  Taking 
then  all  the  Perpendiculars,  which  go  from  the  Angles 
of  the  Plan  of  the  Parapet,  of  one  length,  according  td 
the  height  that  you  wou’d  give  the  Parapet,  which 
Ihoifd  be  greater  than  it  is  in  reality,  that  the  Plan 
may  look  the  better  ;  joyn  ^he  ends  of  all  thole  lines 
with  Black  lines,  and  the  Parapet  will  be  rais’d,-  if  yoit 
draw  lines  downwards  from  the  outward  ends  to  thé 
Tain’s  which  anfwer  to  the  right  lines,  as  AR, 

Then  draw  the  Perpendiculars,  CO,EF  ,and  all  the 
others  which  go  from  the  Angles  of  the  Plan  of  the 
Rampart ,  of  the  fame  length  as  you  defign  for  the 
height  of  the  Rampart^  and  joyn  the  ends  of  thofé 
Perpendiculars  by  the  right  lines  OF,  OL,^t’.  that  is| 
fuch  as  are  not  hid  by  the  Parapet,  whofe  height  LM 
above  the  Rampart  mull:  only  be  mark’d  on  the  infide, 
and  the  Rampart  will  be  rais’d^  if  likewife  you  draw 
its  Talu’s,  as  FD,  ^c. 

Laftly,  take  downwards  the  Perpendiculars  PS, HT 
and  all  the  others,  which  (hall  go  from  the  Angles  of 
the  Plan  of  the  Ditch,  equal  to  the  depth  that  yoii 
wou’d  give  the  Ditch,  and  joyn  likewife  their  ends  by 
right  lines,  at  leaft  fuch  as  are  not  hid  from  the  Eye, 
and  you  will  have  the  Ditch  funk  without  any  Talu, 
which  it  will  not  be  difficult  to  add,  or  to  end  the  reft 
without  any  further  direâions^ 


I 


E  %  THÈ 


» 


Part  II. 


68  A  Treâtifeof  Fortification. 


The  Second  Part. 


OF  THE 
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By  Out- Works  imderftand  Works  made  and 
rais’d  beyond  the  Ditch  of  a  Fortified  Place,  to 
cover  it,  and  hinder  the  Enemy  from  taking 
Advantage  of  the  Hollows,  or  of  the  Rifing  Grounds, 
which  are  ufually  without  Counterfcarps  ;  for  fuch 
Hills  or  Hollows  may  make  I.odgmcnts  and  Curtains, 
that  is,  Coverings  for  the  Befiegers,  and  ftand  them  in 
good  head  in  carrying  on  their  Trenches,  and  raifing 
Batteries  againfi  the  Town. 

This  (hews  how  neceflary  Out-Works  are,  which 
are  the  mofi  important  Pieces  of  a  Place  of  War,  and 
as  the  Armour  of  a  Fortification  :  So  that  Places  which 
have  no  Out-Works,  can’t  be  faid  to  be  well  Fortified  ; 
becaufe,  as  TOc  fays,  however  flrong  the  Rampart 
of  the  Place  be,  if  it  is  not  Arm'd,  that  is,  coyerM  with 
good  Out- Works,  it  cannot  reiiO;  long,  being  continu¬ 
ally  batter’d  by  the  Enemy  who  is  very  near  it;  whereas 
the  Out-Works  flop  the  Enemy,  retard  his  Defigns, 
while  Succour  is  cxpeded,  if  they  are  well  made  and 
kept,  and  efpecially  if  thciDitches  be  full  of  Water. 

Tho’one  might  think  that  for  the  defence  of  Out- 
Works,  a  ftronger  Garnfon  is  requir’d,  becaufe  other- 
wife  the  Troops  of  the  Befieg’d  wou’d  be  oblig’d  to 
dif-imite,  which  woiPd  render  them  lefs  able  to  with- 
ftand  a  furprize:  Yet  if  it  be  confidered  that  the  Town 
being  befieg’d,  the  Enemy  is  forc’d  to  attack  the  Out- 
Works,  which  may  be  defended  by  the  fame  number  of 
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Souldiers  as  wou’d  defend  the  fame  Place  if  it  had  no 
Out-Works^  whiift  the  Body  of  the  Place  is  fa fe/ there 
being  no  need  for  Souldiers  to  defend  the  Baftions, 
which  are  not  attack'd;  it  will  appear  that  there  will 
fcarce  be  occafion  for  any  more  Souldiers,  becaufe  a 
few  Gentries  in  the  Baftions,  and  a  few  Souldiers  in 
the  Guard-Houfes  to  prevent  furprifes,  will  fuffice. 

We  fhall  endeavour  to  make  the  Out- Works  as  large 
as  poffible,  becaufe  little  ones  cannot  be  long  kept  ;  for  if 
their  Parapets  are  once  broken  and  open,  they  mull  be 
defended  by  a  great  number  of  Souldiers,  which^they  are 
too  fmall  to  contain, dnd  one  cannot  make  Retrenchments 
in  them  to  defend  Breaches  with  fafety  ^  befides  there 
is  lit)  room  to  get  out  of  the  Way  if  the  Enemy  fliou’d 
ihrow  in  any  Bombs. 

We  fhall  here  only  defcribe  the  Plan  or  Ichnography 
of  thefe  Out-works,  without  mentioning  their  Profil 
or  Orthography,  becaufe  their  Heights  differ  according 
to  the  fituation  of  the  Place  where  they  are  made,  and 
according  as  the  Place  is  higher  or  lower.  If  there-^ 
fore  you  always  remember  this  Maxim,  (w.3.)  That  the 
Works,  which  are  fartheft  from  the  Place,  ought  to 
be  feen  and  commanded  by  thofe  thatvare  neareft,  there 
will  be  no  other  Rule,  but  Judgment  and’ Experience,  to 
determine  the  Heights  that  muff  be  given  to  the  diffe¬ 
rent  Kinds  of  Out- works,  the  Confiriidtion  of  which 
follows. 

How  to  defer  the  the  Tlan  of  a  Fort  with  Ravelms  and 

Half- Moons. 

r"l^  H  E  Name, of  Half- Moon  is  generally  confounded  Plate  la. 

I  with  that  of  Ravelin  ;  but  here  by  a  Half-Moon  2'9- 

we  Underffand  a  'Kind  of  a  detach’d  Baffion ,  as 
MNONM,  made  jiiff  beyond  the  Ditch,  over  againff  the 
Point  of  the  Baffion  to  cover  it,  fo  call’d  becaufe  its 
Gorge  is  an  Arch  in  the  fhape  of  a  Crefeent:  And  by 
a  Ravelin  a  little  Out-Work  plac’d  upon  the  Angle  of 
the  Counterfearp ,  over  againff  the  Curtains  of  the 
Place,  and  made  at  kafl  of  two  Faces,  and  two  Demi- 
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lo.  gorges,  as  FEG,  to  cover  not  only  the  Flanks,  but 
29.  alfo  the  Bridges  and  Gates,  and  to  defend  the  Half- 
Moons,  which  as  we  have  faid,  are  before  the  Angle 
of  the  Baftion,  when  it  is  too  acute. 

The  Conltriiélion  of  Ravelins  is  different,  according 
to  the  Manner  of  Fortifying:  But  it  fignifies  little 
which  way  they  are  made,  if  their  Faces  do  not  make 
too  acute  an  Angle,  and  be  neither  too  long  nor  too 
fhort  ;  40  or  yo  Toifes  being  fufBcient  for  thek  length, 
and  about  60  Degrees  at  leaft  for  the  Aperture  of  their 
.  Angle.  To  follow  this  Maxim,  we  fhall  thus  deferibe 
the  Ravelin. 

Dcfcribe  from  the  Two  ends  A,B,  of  the  Curtain  AB^ 
with  a  diftance  equal  to  the  lengthned  Curtain  AD,  or 
BC,  Two  Arches,  which  here  interfeél  at  E,  from 
which  point  you  mud  draw  p  C  and  D  the  ends  of  the 
inward  fide  CD,  the  Faces  ÉF,  EG,  which  will  be  ter¬ 
minated  by  the  Counterfearp  at  F  and  G,  for  I  fuppofe 
the  Ditch  already  deferib^’d  ;  and  you  will  have  the 
Mafter  line  of  the  Ravelin,  to  which  add  on  the  out* 
fide  a  Ditch  about  10  Toifes  broad,  and  on  the  infide  a 
Rampart  of  the  fame  breadth,  and  a  Parapet  g  Toifes 
broad,  that  it.  may  be  Cannon-proof,  and  all  this  by 
lines  parallel  to  the  Faces,  and  to  one  another. 

We  have  drawn  the  Faces  EF,  EG,  to  the  Centers 
C,D,  of  the  Badions,  that  this  may  be  defended  by  the 
Faces  of  the  faid  Badions.  Flanks  are  fometimes  added 
to  fuch  a  Ravelin,  as  HK,  IL,  which  we  have  made 
perpendicular  to  the  Curtain  of  the  Town  ,  after  we 
have  made  the  Faces  EH,  El,  of  Forty  Toifes  each  : 
Which  is  feldome  done,  becaiife  fuch  Flanks  are  of  lit¬ 
tle  Advantage,  encreafe  the  Expence  of  the  Ditch,  and 
hinder  the  Flank  of  the  Badion  from  being  fo  well  co¬ 
ver’d,  becaufe  they  ferve  as  Parapets  to  Befiegers  when 
they  have  taken  the  Ravelin, 

All  thefe  Ravelins  are  iifually  made  of  Earth,  and 
fometimes  they  are  Walfd,  efpecially  when  they  cover 
Gates  and  Bridges,  that  they  may  lad  the  longer,  as  it 
is  necefl'ary  in  fuch  Places:  And  when  they  are  not 

Walfd 
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WaU’d,  and  confequently  raufi  have  a  greater  Talu^ 
they  ought  to  have  Fraifes,  at  leaft,  below  the  Parapet^ 
left  the  Enemy  {hon’d  rim  up  eafiîy  into  the  Ravelin 
along  the  Slope,  which  muft  be  great,  fuppofing  the 
JVork  to  be  ol  Earth. 

To  dcfcribe  a  Half-Moon,  lengthen  beyond  the 
Ditch  of  the  Place,  that  Part  of  the  Parapet  which  is 
near  the  Banquette  of  the  Face  of  the  Baftion,  in  fuch 
manner  that  the  Two  lines  MN  be  each  equal  to  half 
a  Demi-gorge  of  the  Baftion,  and  <3 raw  thro'  the  Two 
ends  N  of  thofe  Flanks  MN  the  Faces  NO  parallel  to 
the  Counterfcarp  :  And  you  will  have  the  Mafter-line 
of  the  Half- Moon,  to  which  add  on  the  outfide  a  Ditch 
10  Toifes  broad,  and  parallel  to  the  Mafter-line,  and 
on  the  infide  a  Rampart  of  the  fame  breadth,  and  a  Pa¬ 
rapet  3  Toifes  broad,  with  Two  lines  parallel  to  the 
Faces  NO. 

As  this  Work  is  only  made  to  cover  the  point  of  the 
Baftion,  which  is  feldom  attack’d,  uniefs  its  Angle  be 
too  acute,  which  can  only  happen  in  an  irregular 
Place,  it  is  not  often  made  :  And  as  the  Face  of  the  Ba¬ 
ftion  is  fooner  attack’d  than  its  Angle,  which  is  de¬ 
fended  by  Two  Flanks,  that  all  the  Face  may  be  cover'd, 
it  will  be  better  to  lengthen  the  Faces  of  the  Half-Moon 
quite  to  the  Counterfcarp  of  the  Ravelin,  as  PQ,  PR, 
and  then  that  Work  RPQ  changes  its  Name, and  inftead 
of^hein^csLlVd  Half-MooUy  'tis  call’d  Counter -Guar or 
Enveloppe  y  tho’  by  that  Word  Enveloppe  ^  call’d  alfo 
SiUofty  be  ufually  meant  an  Elevation  of  Earth  made  in 
the  Moat  to  Fortify  it,  when  it  is  too  broad. 

By  Counter-Guard  is  alfo  meant  a  Tenaill’d  Horn- 
Work,  whole  Front  is  open’d  on  each  fide  from  the 
Scarp  to  the  Counterfcarp  of  the  Ditch  of  the  Ravelin, 
fo  that  One  fide  of  the  Tenaille  have  no  Communica¬ 
tion  with  the  other.  Tho’  fuch  a  Work,  whofe  Con- 
ftruâion  we  (hall  teach  in  the  Third  Part,  when  we  (hall 
,  explain  Mr.  Bombede\  Method,  be  of  excellent  nfe 
to  cover  a  Ravelin,  which  then  is  call'd  a  TenaiU'd 
EJalfMo^Hy  or  Horn  d  Half  Moon;  yet  confiderng  the 
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Ground  it  takes  up,  'tis  better  to  have  a  Horn-Work 
with  Denii-Baftions,  whofe  Conftrndion  follows. 

How  to  defer  the  a  Horn-Work, 

eOrn-Works^  ufually  call'd  Horns,  are  made  feveraî 
Ways,  according  to  the  quality  of  the  Soil,  and 
the  Place  where  they  are  to  be  ere6led,  which  is  gene¬ 
rally  beyond  the  Ravelin,  to  cover  it  and  the  Curtains 
of  the  Place.  Some  of  them  have  their  long  fides,  which 
are  call’d  fVtngs^  parallel  to  one  another,  and  perpen¬ 
dicular  to  the  Curtains  of  the  Place,  and  thefe  are 
the  befl Others  grow  narrower  towards  the  Place, 
and  others  on  the  contrary,  widen  towards  the  Place. 
Some  are  made  with  a  fingle,  and  others  with  a  double 
Tenaille,  but  the  beft  of  the  Horn-Works  is  that 
which  is  n^ade  with  Two  Demi-Baflions,  which  we 
(hall  begin  with. 

Draw  from  the  Two  Angles  A,  B,  of  the  Epaule  of 
.  the  Parapet,  the  right  lines  AC,  BD,  parallel  to  one 
another,  and  to  the  line  ES,  which  divides  the  Curtain 
FG  into  Two  equal  sparts,  at  right  Angles,  and  each  of 
them  equal  to  the  Great  Line  of  Defence ,  or  120 
Toifès,  or  a  little  longer,  if  you  wou’d  have  fome  Space 
left  betwixt  the  Rampart  of  the  Horn  and  the  Ditch  of 
the  Ravelin,  and  have  the  Horn  defended  from  the 
Body  of  the  Place,  and  the  Wings  AC,  BC,  from  the 
Face  of  each  Bafiion.  Draw  the  line  CD,  which  will 
be  divided  into  Two  equal  parts  atS,  by  the  interfeftion 
of  the  line  ES.  On  the  Two  parallels  AC,  BC,  take 
the  lines  CH,  DÎ,  each  of  them  equal  to  CS,  or  DS  the 
half  of  the  line  CD,  and  draw  the  lines  Cl,  DH,  which 
make  the  fingle  Tenaille  GKD,  which  wou’d  be  e- 
nough  if  you  wou’d  have  a  Horn-Work  with  a  fingle 
Tenaille,  but  if  you  wou’d  have  a  Reinforc'd  TenaiUej 
that  is,  a  Tenaille  fortified  by  a  Curtain  between  Two 
Demi-Baitions,  divide  each  ot  the  Tenailles  CK,  DK 
into  Two  equal  parts  at  L,  M,  and  the  lines  CL,  DM, 
will  be  the  Faces  of  the  Denii-Baflions  :  And  to  have 
their  Flanks  and  Curtain,  draw  irom  the  Two  points 
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L,M,  to  the  point  E  the  Middle  of  the  Curtain  of  the 
P]  ace,  the  Right-lines  ËL,  EM,  which  will  be  cut  at 
N,0,  by  the  Two  lines  DH,CI.  Laflly,  draw  NO  for  the 
Curtain,  and  the  Two  Flanks  will  be  LN,  MO.  Thus 
you  will  have  the  Mafier-line  of  the  Horn,  to  which 
you  mull:  on  the  infide  add  a  Rampart  with  its  Parapet, 
and  on  the  outfide  a  Ditch,  all  of  the  fame  breadth 
Avith  thofe  of  the  Ravelin  ;  as  for  the  Height,  ’tis  evi¬ 
dent  that  it  ought  to  be  Ids  than  that  of  the  Ravelin.  • 

It  will  be  proper  to  add  to  the  Angle  of  the  Counter- 
fcarp  of  this  Horn,  a  Ravelin  to  cover  its  Flanks  and 
Curtain  :  This  Ravelin  will  be  defcrib’d  the  fame  way 
as  that  of  the  Place,  [viz)  by  lengthning  the  Curtain 
NO  on  either  fide  as  far  as  the  Mafter-line  at  P,  Q,  and 
defcribing  from  N,  O,  the  ends  of  the  Curtain  NO, 
with  the  diftance  NQ,  or^  OP,  Two  Arches,  which 
here  interfedf  at  R,  fyc. 

To  make  a*  Horn-Work  with  a  double  Tenaille  ha-  plate 
\  ving,  as  before,  divided  each  of  the  Tenailles  CK,  DK,  F/g.  3 
into  Two  equal  parts  at  L,  M,  draw  LM,  which  will 
be  divided  by  EF  at  right  Angles,  and  into  Two  equal 
parts  at  O,  from  which  point  take  upon  the  lines  EF, 

DP  equal  to  CL,  or  DM,  to  pin  the  Right-lines  PL, 

PM,  which  will  end  the  Mafier*line  of  the  Tenaille, 
to  which  you  mufl  add  a  Pitch  and  a  Rampart  with 
its  Parapet,  as  before. 

The  Situation  of  the  Ground  does  not  always  give 
you  leave  to  make  the  Win*gs  of  a  Florn- Work  parallel 
to  one  another,  and  in  fuch  a  cafe  you  may  give  it  an¬ 
other  Shape  :  And  when  it  widens  towards  the  Field,  it 
is  call’d  a  ëlueué  ly Irondêlle^  or  Swallow' s -Tail ^  and 
when  its  Wings  come  nearer  to  one  another  towards 
the  Field,  it  is  call'd  zContrequeué  Ironde-fVork-,  or 
Counter-Swallow's-Taii,  whofe  Wings,  if  pollible,  mufl 
be  drawn  Perpendicular  to  the  Faces  of  the  Baflion,  that 
•from  them,  they  may  be  the  better  defended.  When  a 
/Swallow  s-Tail  has  Two  Tenailles  it  is  call’d  Bonnet  a 
'IPrtlre  y  or  Triefi's^Cap  ^  the  Conlhudion  of  which 
■follows. 
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ffow  to  defcrih  a  Bonnet  à  Tritre. 

HAving  drawn,  as  before,  the  Two  lines  AC,  BD, 
parallel  to  the  line  EF,  and  of  what  length  you 
pkafe,  fo  that  it  does  not  exceed  the  reach  of  a  Musket, 
take  upon  that  line  EF,  FG,  the  third  part  of  CF  or  DF, 
and  make  the  fingle  Tenaille  CGD,  each  Face  of  which 
muft  be  divided  into  Two  equal  parts  at  I,L,  to  make 
there  a  double  Tenaille  as  before,  by  joining  the  Right¬ 
line  IL,  and  making  the’  line  HO  equal  to  Cl,  or  DL, 
then  draw  01,  OL,  and  the  Two  Wings  CK,  DM,  to 
E  the  middle  point  of  the  Curtain  of  the  Place,  which 
mult  be  terminated  at  the  Counierrcarp  of  the  Ravelin, 
when  there  is  one  ;  or  when  there  is  no  Ravelin,  at  the 
Counterfearp  of  the  great  Ditch. 

This  Work  has  been  call'd  Bonnet  a  Tretre^  becaufe 
being  made  with  Three  Saliant-angles,  which  in  Terms 
of  Fortification  are  call’d  Angles  ^ifs^  and  of  Two  Re¬ 
entrant  Angles,  which  are  call’d  Angles  Morts,,  and  be¬ 
ing  wider  at  the  Head  than  at  the  Gorge,  it  is  like  a 
PriefFs  Cap.  It  was  chiefly  invented,  to  take  in 
Springs  and  rifing  Grounds,  whofe  lofs  may  be  hurtful 
to  the  Inhabitants,  and  hinder  them  from  defending 
the  Place  well. 


How  to  deferihe  a  Crown, 

TH  E  Crown  call’d  alfoa  Crown  d-lVork  and  Crown- 
IVorky  is  a  kind  of  Horn- Work  made  up  of  Three 
Baftiobs,  or  Two  Demi- Battions  and  a  whole  Baftion  in 
the  Middle  :  this  latt  is  ufually  made  like  a ly Iron- 
dede,,  and  the  firft  has  its  fides  parallel,  as  you  will  fee.  i 
Firtt  then,  to  defenbe  a  Crown  with  Three  Battions, 
draw,  as  before,  the  Two  lines  AC,  BD,  parallel  to  one 
another,  and  alfo  to  the  line  EF,  and  fomething  fhorter 
than  the  reach  of  Musket-fbot,  that  the  middle  Ba- 
flion ,  which  projects  towards  the  Field,  may  be  de¬ 
fended  from  the  Body  of  the  Place  :  And  at  C,D,  with 
the  lines  AC,  BD,  make  the  Angles  ACF,  BDF  of  120 
Degrees  each,  which  will  be  eafily  done  by  defcribing 
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!  from  the  points  C,D,  Two  Arches  to  fet  off  ttpon  ^^chpiafg 
•  of  them  the  fame  diftance  with  your  CompafTes,  é^c.Fig,  33. 

!  Carry  the  length  of  the  line  CF,  or  DF  to  O  upon  the 
iline  EF,  which  will  be  the  Center  of  an/ Hexagon,  of 
which  CF  and  DF  will  be  Two  fides,  and  C,F,D,  Three 
Angles,  where  you  muft  make  as  many  Baftions, allowing 
the  fourth  part  of  the  inward  fide  CF  or  DF,  for  their 
Demi-gorges  CG,  FG,  DG,  and  for  their  Flanks  GH. 

This  Work  raufl:  have  a  Ditch  and  a  Rampart  with 
j  its  Parapet,  like  thofe  of  the  foregoing  Works,  obferv. 

I  ing  that  the  Parapet  ought  always  to  be  3  Toifes  broad, 
j  at  leaft,  that  it  may  refifl  the  Enemy’s  Cannon:  Yet 
I  we  have  given  it  but  half  that  breadth  along  thofe 
1  Flanks  GH,  which  are  almoft  parallel  to  the  Face  of 
the  Baltion  of  the  Place,  that  from  that  Face  it  may 
be  ruin’d  with  Cannon,  in  cafe  that  the  Enemy  fhou’d 
take  it,  to  hinder  him  from  covering  himfelf  with  it. 

When,  to  take  in  fome  Commanding  Ground,  Paf- 
fage  or  Cavin^  that  is,  Hollow  Place  where  the  Enemy 
might  intrench  or  cover  himfelf,  or  for  any  other  rea- 
fon,  you  are  oblig’d  to  make  the  Wings  of  a  Crown, 
or  of  a  Horn-Work  out  of  Musket-lhot,  Returns  or 
Shouldrings  mufl:  be  made  about  the  middle  of  fuch 
Wings  in  the  following  manner. 

Having  taken  off  the  lines  AK,  BK,  of  about  loc  pi^tç  tj 
Toifes,  more  or  lefs,  according  to  the  length  of  the%.  34. 
lines  AC,  BD,  draw  from  the  Two  points  K,  the  lines 
j  KL  perpendicular  to  AC,  BD,  and  20  Toifes  long  each, 
i  and  draw  from  the  pointy L  towards  the.  Shoulders  A,B, 
i  of  the  Parapet  of  the  Place,  the  Two  fides  LN,  which 
will  be  terminated  at  the  Counterfcarp  of  the  great 
Ditch,  to  which  at  the  fame  points  L,  draw  perpendi^ 
cular  Flanks  or  Shoulderings  LM,  which  will  ferve  to 
defend  the  Crown  that  will  be  made  at  CD,  as  before 
taught.  * 

We  have  in  this  Work,  as  well  as  in  the  foregoing 
j  Horns,  drawn  the  fides  LN,  to  the  Angles  A,  B,  ot  the 
Epaule  of  the  Parapet  of  each  Bafiion  of  the  Place, 
j  that  they  might  be  defended  by  the  Faces  of  thofe  Ba¬ 
ftions  : 
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fiions:  and  we  have  made  the  Flanks  LM  perpendi¬ 
cular  to  the  Sides  NL,  that  the  Angles  L  being  rightL 
ones  might  be  ftronger  and  larger,  and  that  the  Flanksî 
LM  might  by  their  obliquity  better  defend  the  Field.  I 
FlMe  14.  defcribe  a  Crown  in  the  Figure  of  a  Swallow 'sîl 

35*  draw  as  before,  AC,BD,  parallel  toEF,  and  about:l 
the  lengthof  the  inward  Side  of  the  Place,  and  as  be-' 
fore  make  a  Baflion  at  the  Angle  F,  and  only  two) 
Demi-Baliions  at  the  Angles  CD,  to  draw  from  their: 
Points  I  to  M  the  Center  of  the  Place,  or  to  any  other’ 
point  of  the  line  MEF,  the  Wings  IK,  IL,  which  theî 
Con ntcrfcarp  will  terminate, 

This  Work,  by  reafon  of  its  largenefs,  is  to  be  pre¬ 
ferred  to  other  Homeworks,  efpeciaily  to  take  in  a  Pa¬ 
lace,  or  any  other , Building  of  importance.  When  aj 
way  into  the  Town  goes  thro'  a  Crown,  it  muft  be: 
carried  on  thro'  tKe  middle  of  one  of  the  Curtains,, 
and  Cover’d  with  a  fmall  Ravelin,  as  we  have  done  im 
this  Work,  and  the  two  foregoing.  | 

J^ow  to  defertbe  a  Couronnement.  I 

Plate  T^HO’  a  Crown  be  alfo  call’d  Couronnement,  yet: 
35,  J_  by  Couronnement  we  (hall  here  underfiand  a  Work, 
of  Earth,  fometimes  rais'd  about  the  Head  of  thofe; 
Horns  which  have  two  Demi-Baflions  to  cover  them,  to) 
take  in  Ground  and  keep  the  Enemy  at  a  greaterr 
diflance.  We  (hall  make  it  larger  and  more  capacious: 
than  ufual,  the  more  conveniently  to  range  in  Bat¬ 
tle-array  fuch  as  are  neceffary  for  its  defence. 

The  Horn  being  deferib’das  before,  lengthen  beyond^^ 
its  Ditch  that  part  of  the  Parapet  which  is  parallel  toi. 
the  Face  of  each  Demi-Baflion,  from  C  to  D,  fo  that^ 
each  line  CD  be  of  go  Toifes,  which  ûiall  ferve  as  a 
Flank  towards  the  Place,  and  which  you  mufl  divide., 
into  two  equal  parts  at  the  points  G,  thro*  which  you: 

,  miifi:  draw  from  the  Epaules  AjB,  the  right  lines  GH, 
GI,  each  of  them  equal  to  CG  or  DG,  to  joyn  the  line: 
Hf,  which  will  be  divided  at  right  Angles  and  into: 
two  equal  parts  by  EF,  which  alio  divides  into  two 

equal. 
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equal  parts  at  right  Angles,  both  the  Curtain  of  the  phte  15. 
Place,  and  that  of  the  Horn.  2^^ 

Then  at  the  two  points  H,I,  with  the  line  HI  make 
the  Angle  HIF,  IHF,  of  30  degrees  each,  by  the  line's 
HF,  IF,  which  will  be  equal  and  interfcâ:  at  F  upon 
,the  line  EF,  where  a  Bahion  mull  be  made,  whofe 
Demi-gorges  FK,  FL,  mult  be  the  fourth  part  of  FH, 
or  FI,  and  the  Flanks  KM,  LM,  the  fifth  part  of  the 
fame  inward  fide  FH,  or  FL  Thcfe  Flanks  mu  ft  be 
drawm  from  the  point  which  is  found  by  making 
the  line  FO  equal  to  the  inward  fide  FH  or  FI,  as  we 
have  already  done  before,  where  that  point  O  has  been 
confideFd  as  the  Center  of  an  Hexagon,  whofe  fides 
areFH,FL 

Again,  make  a  Baflion  at  each  Angle  H,  I,  making 
the  Demi-gorges  MN, IN,  and  the  Flanks  NP  as  before, 
then  Q  the  Point  of  each  Baftion  will  be  terminated  by 
the  interfcélion  of  the  Lines  of  Defence  KPQ ,  LPQ_, 

ADQ., BIXJ  ;  and  you  will  have  the  Mafler-lineof  the 
Couronnement,  to  which  you  muff  add  a  Ditch  with-> 
out,  8  or  10  Toifes  broad,  and  a  Parapet  within,  at 
leaft  3  Toifes  broad,  without  any  Rampart,  the  Level 
of  theField  ferving  inffead  of  a  Rampart,  becaufe  fuck 
a  Work  being  at  a  great  diflance  from  the  Place  ought 
to  be  very  low  to  be  commanded  by  the  Horn,  which 
in  füch  a  cafe  is  call’d  a  Crovoti  d/Horn^  which  is  aifo 
Paid  of  a  Horn  made  of  two  Demi^Baffions  and  a  whole 
Baftion.  The  cover’d  Way,  which  goes  along  the 
Ditch  of  the  Couronnement,  ought  to  be  digg’ddown 
below  the  Level  of  the  Field,  becaufe  this  Work  being 
very  low,  as  we  have  faid,  and  the  Terre-plain  of  its 
Rampart  juft  Level  with  the  Ground, 'the  natural  fall 
of  the  Ground  will  be  the  Glacis  of  its  Efplanade, 

All  the  Ditches  ought  to  have  a  communication  one 
with  another,  when  they  are  full  of  Water. 


The  ConJîruBîon  of  Traverfes, 


TRaverfes  are  Works  of  Earth  in  the  form  of  Para¬ 
pets,  made  facing,  or  flanting  toward  the  Enemy, 

to 
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to  keep  him  from  paffing  â  narroÀ^r  place,  and  fhut  him 
out  of  the  Ways  thro^  Marfhes  and  Eenns^  or  between 
Rocks,  or  any  other  paflage  of  importance  :  as  alfo  tO' 
cover  one’s  </elf  from  being  and  then  fuch  a. 

Traverfe  is  call’d  Ridem  (Curtain)  tho’  in  Terms  of' 
Fortification,  RidtaU  fignifies  alfo  a  fmall  rifing  Ground 
long  ways  upon  a  Plain,  and  which  is  foraetimes  al-* 
molt  parallel  to  the  Front  of  a  Place.  This  Traverle 
is  us’d  before  Bridges  and  Gates  to  intrench  one  s  felf,  toi 
refill  the  longer,  and  to  retard  the  Enemy’s  defigns  ini 
cxpeflation  of  Succour,  or  elfe  when  any  unexpeâedl 
Accident  happens,  to  make  a  better  and  more  ad  van** 
tageous  Capitulation. 

Traverfes  may  be  made  how  you  pleafe,  and  as  many 
different  ways  you  think  fit.  They  are  ufually  made; 
with  one  or  feveral  Ravelins,  or  with  a  flat  Baftim^y 
fo  call’d  bccaufe  it  is  made  upon  a  right  line,  that  is,, 
in  the  middle  of  the  breadth  of  the  Way  which  is  to» 
be  fhut  up  from  the  Enemy.  We  fhall  here  mentioni 
four  forts,  which  are  the  moft  common,  and  I  think: 
the  mofl  ufeful. 

nau  16.  jhe  firft  kind  of  Traverfes  is  made  of  a  Ravelin  i 
37- having  each  Demi-gorge  CD,  CE,  and  the  Capital  F,, 
equal  to  the  fixth  part  of  the  breadth  AB. 
jy  -g  The  fécond  Traverfe  is  made  of  two  Ravelins  like; 
the  firft,  which  make  a  double  Tenaille. 

55'.  The  third  Traverfe  is  made  with  a  flat  Baftion  in  the; 
middle  of  the  breadth  AB,  whofe  Demi-gorges  CD, CE,, 
and  perpendicular  Flanks  DF,EG,  are  equal  to  the;j 
fixth  part  of  the  breadth  AB,  and  the  Capital  CHf 
equal  to  the  Gorge  DE.  i 

4®'  The  fourth  Traverfe  has  two  Ravelins,  equal  to  and  I 
like  the  foregoing  at  each  end  of  the  breadth  AB,  with  ai 
third  and  greater  Ravelin,  whofe  Capital  FG,  andl 
Demi-gorges  FC  are  twdee  as  long  as  thofe  of  the  others*» 
You  muft  not  forget  to  make  a  Ditch  4or  5’ Toifesi 
broad,  more  or  lefs  upon  occafion,  on  the  out-fide  off 
thefe  Traverfes,  and  a  Parapet,  as  nfual,  on  theinfidç' 
to  cover  thofe  that  are  in  it.  You  mnfl:  add  allb  at; 
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the  Ends  the  Flanks  AK,  BK,  to  fhoulder.,  that 
isj  to  cover  the  Souldiers  that  defend  the  Traverle. 

Traverfes  are  very  ufeful,  if  they  are  plac’d  one  be¬ 
fore  another  where  a  Town  can  be  attack’d  but  on  one 
fide,  tho’'one  may  ule  other  Out-Works  one  before  an¬ 
other  after  the  manner  of  Traverfes  to  fatigue  the  Ene¬ 
my,  and  oblige  him  to  raife  the  Siege. 

Experience  (hews  that  feveral  Traverfes  rais’d  one 
before  another,  are  alfo  very  convenient  to  avoid  the 
I  cffeâ  of  the  Bomb  or  Granado,  becaufe  if  it  falls  in 
;  one  Traverfe,  it  flays  there  and  is  confum’d  without 
1  execution,  becaufe  the  Souldiers  may  hide  themfelves 
behind  the  other  Traverfes  till  the  Granado  or  the 
Bomb  is  burft. 

The  ConJiruBîon  of  Citadels, 

ACajik  or  Citadel  is  a  fmall  Fortrefs,  fometimes  of 
four,  ufually  of  five,  andfeldomof  fix  Baftions, 

I  becaufe  the  Square  is  too  imperfe6l,  and  the  Hexagon, 
i  is  too  great,  which  is  ufually  ereéled  in  conquer’d 
1  Towns  by  the  command  of  the  Prince,  when  he  miflrufls 
3  the  Loyalty  of  the  Inhabitants,  to  be  fecur’d  againfl 
i  their  rebelling,  or  to  defend  them  when  they  are  duti- 
j  fill,  or  to  punifli  them  if  they  fhou’d  revolt.  To  this 
jend,  the  Citadel  ought  to  command  all  the  Town, 
j  wherefore  it  rauft  be  built  in  the  higheft  place,  efpeci- 
ially  when  the  Town  is  encompafs’d  with  feveral  Hills, 
jto  fave  the  charge  of  levelling  them. 

To  defcribe  a  Pentagon  fit  for  aCitadel,  its  Center  A  ^1- 
3  mufl  be  the  Point  of  one  of  the  Baftions  ,pf  the  Town,  4*- 
jits  Radius  AB  mufl  be  of  70  or  80  Toifes.  This  Pen- 
Jtagon  mufl  be  Fortified  as  before  taught,  in  fuch  man- 
iner  that  two  Baftions  advance  into  the  Town,  and  that 
Ithe  whole  Curtain  may  direftiy  face  the  Town,  and 
rkeep  it  in  Subje6tion  :  which  t  )  do  the  more  effedu- 
[ally,  a  Cavalier  mufl  be  rais’d  upon  each  of  thefe  two 
ifiaftions  to  batter  down  the  Houfes  and  Structures  of 
Ithe  Place,  in  cafe  that  the  Enemy  fhou’d  have  taken  it* 

I  The  Citadel  rauft  have  a  Rampart  of  10  Toifes  with 

Its 
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its  Parapet  of  three,  a  Ditch  of  ii,  a  Coridor  of  Sy 
an  Efplanade  of  twenty. 

The  defences  of  the  Place  towards  the  Citadel  muftt 
be  broken,  by  continuing  the  Faces  of  each  Baftion  as» 
far  as  the  Ditch  of  the  Citadel,  leaft  thofe  defences» 
might  ferve  the  Inhabitants  in*  cafe  of  a  Revolt,  or  the; 
Soiildiers  to  take  i;he  Citadel:  for  the  Town  ought  not  to) 
be  Fortified  againfl  the  Citadel,  but  the  Citadel  againfti 
the  Town.  That  therefore  the  Citadel  may  the  betteri 
command  the  Town,  it  will  be  proper  to  have  a  Rave¬ 
lin  before  that  Curtain  which  enters  into  the  Place,, 
leaving  a  great  fpace  between  the  Ditch  of  the  Citadelt 
and  the  Hoiifes  of  the  Town,  to  hinder  Plots  which; 
the  Inhabitants  might  carry  on  againfl  the  Citadel;; 
who  in  fuch  a  cafe  can  only  approach  it  openly  and,^ 
with  Trenches.  Such  a  Space  is  call'd  Explanation, 

Citadels  have  ufually  but  two  Gates,  one  towards» 
the  Field,  to  take  in  Proviflons  and  Ammunition,  and 
Succour  in  time  of  need,  and  (hence  it  is  call'd  the  Sue:* 
cour-Gate,)  which  fliou’d  never  be  open’d  but  to  receives 
Succour.  The  Citadel  is  built  part  within  and  parr 
without  the  Town,  that  the  Governour  of  the  Citade: 
may  be  Mailer  of  its  Entrance  towards  the  Field,  aa 
well  as  of  its  Entrance  towards  the  City.  , 

When  the  Citadels  are  detach'd  from  the  Body  O' 
the  Place,  they  ought  to  be  rais'd  between  the  Towtr 
and  the  place  where  the  Enemy  might  encamp,  to  him 
der  his  approaches  on  that  Side.  Thefe  are  not  fo  ad 
vantageous  as  when  part  of  them  enters  into  the  Town 
becaufe  they  cannot  keep  the  Inhabitants  in  awe,  no:;: 
eaOly  hinder/'them  from  correfpondingi  with  the  EneJ 
mies  of  the  State.  Citadels  therefore  ought  not  to  b«; 
made  thus,  except  in  cafe  of  extreme  neceflity  ;  Thef! 
are  built,*  as  we  have  already  faid,  upon  the  highef: 
Hill,  when  the  Place  has  feveral  Hills  about  it,  to  favr 
the  charge  of  levelling  them  :  And  alfo  when!  then 
are  Caflles  already  built,  which  by  their  advantageou:: 
Situation  may  eafily  command  the  Town  :  and  efpeci 
ally  in  Sea-Port  Towns,  in  fuch  places  as  may  commanc 
both  the  Town  and  the  Harbour.  The 
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The  Center  A  of  fuch  a  Place  ought  not  to  bediflant  pUteiil 
from  the  two  Epaules  A>B,  of  each  Baliion,  more  than 
Musket- (hot  if  pofllble,  that  in  cafe  of  neceflity  it  may 
be  partly  defended  by  thofe  two  Baflions,  whofe  Cur* 
tain  and  Flanks  towards  the  Citadel  ought  to  have  no 
Rampart  nor  Parapet,  but  a  bare  Wail,  that  the  Citadel 
may  the  better  command  the  Town. 

From  the  Ditch  of  the  Citadel  to  the  Ditch  of  thé 
Town  muft  be  carried  on,  on  either  fide  gyer  againfl 
the  Point  of  each  Baftion,  a  little  Ditch,  whofe  Earth 
will  ferve  to  raife  a  fmall  Rampart  with  its  Parapet  D, 
on  each  fide,  to  cover  the  Place  of  Arms  E,  which  is 
left  between  the  Town  and  the  Citadel. 

Before  we  end  this  Second  Parr,  we  (hall  here  teach 
how  to  make  ’and  uie  a  very  convenient  Inftrument  to 
defcribe  eafily  and  readily  upon  Paper,  the  Maffer-line^ 
of  a  regular  Polygon  Fortified  after  our  Method,  or 
any  other,  which  allows  no  Second  Flanks,  from  the 
Square  to  the  Decagon. 

Having  drawn  uponBrafs,  or  any  other  Solid  Mat'  plate  i^l 
ter,  the  line  BC  of  looo  parts  taken  upon  a  Scale  ex-  43, 
aftly  divided,  defcribe  from  its  middle  Point  A,  thro’ 
its  ends  B,C,  a  Semi-circle,  to  mark  upon  its  Circumfe¬ 
rence  from  C  the  Radii  of  all  the  regular  Polygons^ 
according  to  the  number  of  their  Parts,  which  we  have 
added  to  each  of  them,  and  mark  the  Figures  IV,V,VI, 

^c.  which  are  the  marks  of  the  Square,  the  Pentagon, 
Hexagon,  Draw  from  the  points  IV,  V,  VI, 
to  the  Center  A  ,  right  lines,  to  mark  upon  theni 
from  the  Center  A,  the  length  of  the  Demi-gorges  a- 
greeable  to  each  Polygon,  Inch  as  you  fee  it  mark’d  in 
the  Table  of  the  Lines  and  Angles,  which  we  have 
given  in  the  beginning  of  theFirfl  Part,  for  an  inward 
fide  of  120  Toifes,  which  is  here  the  fame  with  the 
Radius  of  the  Hexagon;  and  join  all  the  points  mark’d 
upon  thofe  Serai-diameters  by  a  crooked  line,  which 
fliall  be  call’d  the  LM  of  Demi  gorges.  Do  the  feme 
for  the  Capitals,  fetting  off  their  lengths  from  the  Cen¬ 
ter  A,  or  ashcre^  to  avoid  confufion,  from  the  Line  of 

F  Demi^ 
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De  mi- gorges  upon  the  fame,  Semi-diameters,  to  bave  a 
Second  Curve,  or  crooked  line,  which  we  fhall  call  the 
Line  of  Capitals;  and  the  Infirument  will  be  ended^ 
whofe  ufe  follows. 

<  To  Fortify  a  Pentagon  (for  example)  :  Take  upon  the 
ItiTrament  the  length  C  V,  and  with  that  difèancé, 
from  the  Center  O  deferibe  a  Circle,  which  you  mult 
divide  into  five  equal  parts  with  thedifiance  G  VI,  of 
the  Radius^f  the  Hexagon,  which  is  the  inward  fide 
common  to  ail  the  regular  Polygons,  and  drawing  right 
lines  from  ail  the  points  of  the  divifion  to  one  another, 
and  from  the  Center  O  to  thafe  points.you  will  have  a 
Pentagon,  which  may  be  Fortified  by  -  means  of  the  In- 


?  Take  upon  the  Semi-diameter  A  V,  which  belongs 
to  the  Pentagon,  from  the  Center  A,  the  length  of  the 
De  mi-gorge,  and  fet  itolF  upon  the  inward  fide  DE, 
and  upon  all  the  others,  from  D  to  F,  and  from  E  to  G, 
and  the  length  of  the  Capital  upon  the  fame  Semi- 
diameter  A  V  of  the  Pentagon,  from  the  Line  of  Demi- 
gorges  to:  the  Line  of  Capitals,  and  let  it  off  upon  all 
the  kogthen'd  Radii  OD,OE,  from  the  fame  points 
D,E,  to  H,  I,  draw  the  Ralant  lines  GM, FI,  which 
will  terminate  the  Flanks  FL,  GM^  which  w’ill  be 
drawn  from  the  Center  O,  thro’  the  ends  F,  G,  of  the 

Pètai-gbrges,  -  ” 
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'^H'ESE  Three  chief  Maxims  of.  Fortification^ 
namely,  That  all  the  Parts  the  Place  hé 
.  Flank'd,  that  the  Line  of  Defen'cé  benof  ’ 


er 


thàh'  Muskèt-flîot,  and  that  the  whole  Fortificatiort 
and  èfpecially  the  Flaiifks  be  Strong  eilôügh  to f  èfift  the 
Erièmy's  Cannon,  havé  occafion’d  federal  Way^  of 
Fortifying  to  be  invented,  fome  of  which  have  beeti 
call  'd  the  Italian^  fpitie  the  and  fome  the  f)ufçh^ 

according  as  their  Authors  have  been  ftalian^  FrencB^ 
or  "Dutch  Men ^  But'Witlfoiit  following  this  diftip|61|pt^, 
whichTs  of  little  cpnfequence,  we^fhall  only  explaibr 
the  principal  Methods  of  Fortifying,  which  have  beêîi 
found  out  by  the  moll  Famous  Authors,  and 
Method  ;  riot  that  I  wou’d  rank  my  Telf  with^ffhi^^ 
Fambns  Men,  which  I  mail  hereafter  fpeak  of  ;  Tlvt  to 
explain  the  better,  and  correél  that  Method  of  Fortifyr 
ing,  which  I  have  hitherto  Us’d,  and  to  give  you  feme- 
thing  that  is  New.  i-  ‘  t 

'Therefore  to  render  our  Method  of  Fortifying  ipo^ 
pcrfefl, (which  makes  the  Flanks  very  long,  tho Vas îAre 
already  faid,  they  maybe  made  lefs,)  it  niay  he  corr^^çÿ 
by  ftill  allowing  the  length  appointed  for  the 
|,  gorge,  and  giving  the  Flank  as  many  Toife^  as  twice  tBp 

Fa'  .  ‘  ■  num- 
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number  of  the  Battions  and  lo  bebdes,  {viz.)  making  the 
Flank^  which  is  always  drawn  from  the  Center,  of  i8 
Toifes  in  the  Square,  in  the  Pentagon,  22  in  the 
Hexagon;  and  fo  on  as  far  as  the  Decagon,  where  the 
Flank  being  of  30  Toifes  as  well  as  the  Demi-gorge, 
mud  remain  of  that  length,  the  inward  fide  being  al¬ 
ways  fup  pos’d,  of  120  Toifes, 

Fla€2o.  ^3  it  happens  by  this  manner  of  Fortifying,  that  in 
^4^  the  Odogoii  and  all  the  following  Polygons  the  Flank’d 
Angle  becomes  obtufe,  and  confequentiy  defeilive,  it 
may  be  made  right  by  means  of  the  Semi-circle  ADB, 
defcrib’d  upon  the  right  line  AB,  which  joyns  the  two 
Epaules  A,B,  of  the  Baftion:  and  then  a  Second  Flanfe 
GH  will  be  had  upon  the  Curtain,  and  two  Lines  of 
Defence*,  the  one  Rafant,  as  DH,  and  the  other  Fi¬ 
chant,  as  DG. 

^  ,  The  Calculation  of  this  Second  Method. 

T'HE,  Manfer  of  computing  the  Lines  and  Angles 
of  a  Polygon  Fortified  by  this  Second  Method, 
"is  the  fame  as  has  been  taught  in  the  firfl,  at  lead  as  far 
as  the  Odogori  \  for  in  the  Oftogon  and  other  greater 
^Polygons,  where  we  wou’d  have  the  Flank’d  Angle 
right,  the  Manner  of  Fortifying  changing,  the  Manner 
'of  computing  niuft  alfo  change  as  you  will  fee. 

'  The  Radios  CO,  and  the  Angle  of  the  Flank  AEG, 
Hidll  be  found,  as  lias  been  taught  in  the  firfl:  Method, 
"wherefore  we  fliaU  not  fpeak  any  more  of  it.’  As  for 
the  Flank’d  Angle  ADB,  it  is  a  right  one,  or  of  pc  dc- 
grées,  and  its  half  ADC  confequentiy  of  45-  degrees, 
whieh  being  taken  from  the  Angle  HCO,  which  in  the  ' 
Dodecagon,  wHdfe  half  is  reprefented  in  the  Figure,  is  ' 
of degrees,  the  remainder  will  be  30  degrees  for  the 
Kïi^tdîminus  CHD,  to  which  if  you  add  the  Angle  of  the 
Flank  AEG,  which  in  this  Polygon  is  of  pq.  ^S^you  will 
have  127.  38'.  for  the  Angle  of  the  Epaule  *DAE.  [ 
r  To  find  the  Second  Flank  GH,  you  mufl  firfl  find  the  Ù 
cim^lemeni  EH,  in  the  obliqiiangled, Triangle  AEH,  m.ji 
which  befides  thé  Angles,  the  Flank  AE  of  30  Toifes  É 
is  known,  by  this  Analogy.  As  I 
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Of  the  different  tamers  cf  Fortifying*  8  J 

^  Jts  the  Sine  of  the  Angle  diminué  A  HE  ^  SQooo  plate 

To  its  oppofitefide  AE  3  o  44* 

So  thé  Sine  of  the  Angle  of  the  Ep^uk  A 

To  its  oppojite  Side  EM  47. 3. 

Which  you  will  find  to  be  of  47  Toifes  and  about  3 
Foot,  and  which  being  taken  from  the  Curtain  GE,  ot 
from  60  Toifes,  the  remainder  will  be  12.  Toifes  and 
3  Foot  for  the  Second  Flank  GH. 

If  to  the  Complement  EH,  found  to  be  of  47  Toifes 
and  3  Foot,  be  added  the  Demi-gorge  CE,  which  is  of 
30  Toifes,  you  will  have  77  Toifes  and  3  Foot  for  the 
line  CH  :  and  in  the  obliquangled  Triangle  HCD^ 
maybe  found  the  Capital  CD,  and  the  rafant-line  fîl^, 
by  thefe  two  Analogies  ; 


As  the  Sine  of  the  Angle  CDM  half  of  the  Flanked 
Angle  70711 

Toits  oppojite  Side  CH  77.3 

So  the  Sine  of  the  Angle  diminué  CITD  joooo 
To  the  Capital  CT>  y4*4* 

which  you  will  find  to  be  of  54  Toifes,  and  about  4Foot. 

As  the  Sine  of  the  Angle  CT>H^  half  of  the  planed 
Angle  707H 

To  its  oppofite  Side  CM  7  7-  g  • 

So  the  Sine  of  the  Angle  T>CH  S)6S9^ 

To  the  rafant  line  J>H  ^  i oy .y , 


Which  will  be  of  loy  Toifes  and  about  y  Foot. 

The  Face  AD  will  be  found  as  in  the  firfl  Method,  and 
the  fichant-line  GD  may  be  found  in  the  obliquangled 
Triangle  GCD,  where  the  lengthen'd  Curtain  C  G  is 
known,  which  in  this  Polygon  is  of  po  Toifes,  the 
Capital  CD  of  y4  Toifes  and  4  Foot,  and  the  Angle 
GCD,  which  they  make  of  loy  degrees  ;  finding  firfl: 
the  Anglé  CDG,  thus  : 


^5  «s  .  , 
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piau  20,  ^  Às  the  Sum  of  the  Sides  CG,  C'a  '  i44-4 

Fig.  -  Jo  thptr  difference 

■  "Sd  the  Tangent  of  a  quarter  of  the  Angle  of  the 
Tolygon 

.  To  another  Tangent  1S741 

Tô  which  Î0  degrtts  and  about  57  minutes  anfwer  in 
the  Tâbîês,  which  being  .added  to  the  quarter  of  the 
Angle  of  the  Polygon,  that  is,  to  37.30'.  you  will  have 
48.7’.  for  the  Angle  €DG,  by  means  of  which  will  be 
foHhd  the  fichant-line  GD,  making  in  the  Triangle 
GCO,  this  Analogy; 


As  the  Sme  of  the  Angle  CDG  •  7445^0 

To  its  oppofite  Side  CG  '  90. 

So  the  Sine  of  the  Angle  GCD  p<5ypx 

T 0  ^  the  fichant  dine  GD  11 6  y 


Which  will  be  of  116  Toifes,  and  about  y  Foot. 


A  ThirdiSMethod of  Fortifying. 

I  F  you  woLi’d  have  a  greater  Second  Flank  upon  the 
Curtain,  even  in  all  the  Polygons,  having  deter¬ 
min’d  thedength  of  the  Flanks  and  of  the  Demi-gorges, 
as  in  the  fécond  Method  foregoing,  inflead  of  making 
,the  Angle  of  the  Baftiona  right  one,  by  means  of  the 
Semi-circle  ADB,  which  does  not  fignifie  much,  you 
may  make  it  acute  in  all  the  Polygons,  without  fearing 
it  fhou’d  become  too  acute,  [viz  )  in  making  thè  Capital 
CD  equal  to  the  Gorge-line  EF. 

To  know  by  Calculation  the  Aperture  of  the  Flank’d 
Angle  D,  according  to  this  third  Conflrudlion  ;  firlfc 
find  our  the  Capital  CD,  or  the  Gorge-line  EF,  in  the 
Ifoiceles  Triangle  FXF,  where  the  Angle  ECF  is  known 
to  be  of  ly o  degrees,  and  the  two  Angles  at  the  Bafe,  of 
ly  degrees,  each,  with  the  Demi-gorges  CE,  CF,  which 
are'of  $0  Toifes  each  in  this  Figure,  which  reprefents 
half  of  a  Dodecagon.  Therefore  to  find  by  compu¬ 
tation  the  Gorge-line  EF,  make  this  Analogy: 

As 


\ 
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As  the  Sine  of  the  Angle  CE¥  2i'88i 

To  its  oppofite  Side  CF  go  Fig.  44' 

So  the  Sine  of  the  Angle  EC  F  socoo 

'  To  the  Gorge -hne  EF  59  ' 

Thus  the  Gorge4ine  EF,  or  the  Capital  CD  wiD  ap¬ 
pear  to  be  of  about  S9  Toiles,  which  may  be  more  eafi-  I 
ly  found  by  the  following  Analogy,  which  begins  with 
the  whole  Sine.  ' 

As  the  whole  Sine  1 00000 

To  double  the  Demi  gorge  CE^  or  CF  60 

So  the  Sine  of  half  the  Angle  of  the  Polygon  oStoz 

roth^cJpitdCD  S9 

which  will  be  of  yp  Toifes  as  before,  and  which  being 
added  to  the  little  Radius  OC,  which  will  appear  to  be 
of  2gi  Toifes  and  y  Foot,  you  will  have  Z()o  Toifes 
and  five  Foot  for  the  great  Radius  CD. 

As  for  the  Angle  of  the  Flank  AEG,  or  CEO,  it  will  , 
be  found  of  9^.  38'.  by  means  of  which  you  may,  by 
computation,  find  in  the  obliquangied  Triangle  CEO, 
the  line  OE,  by  this  Analogy  : 

As  the  Sine  of  the  Angle  of  the  Flank  CEO  991 1 2 
T 0  its  oppofite  Side  CO  2-  3 1 .  y 

So  the  Sine  of  ECO  half  the  Angle  of  the  Volygon^Sy^'L 
To  its  oppofite  Side  OE  2^y.y 

which  will  be  of  22  y  Toifes  and  about  y  Fooit  ;  to 
which  adding  30  Toifes  for  the  Flank  AE,  you  will 
have  2yy  Toifes  and  y  Foot  for  the  line  AO.  Thus  in 
the  obliquangied  Triangle  ADO,  the  two  Sides  AO, 

DO,  will  be  known,  and  the  Angle  which  they  make, 
or  the  Flank-forming  Angle  AOD,  which  in  the  firffe  - 
Method  will  be  of  7.  22^.  as  it  appears  in  the  Table, 
which  we  have  added  at  the  beginning  of  the  FirfI:  Parc. 
Therefore  the  Flank'd  Angle  may  be  known  by  finding 
out  its  half  ADO,  in  this  manner  : 

Take  from  180  degrees  the  Flank-forming  Angle 
AOD,  or  7.22'.  and  half  of  the  remainder  172.38'.  will 
be  86.19'.  whofe  Tangent  is  iy5'3  398,  which  will  be 
the  third  Term  of  the  following  Analogy  : 

F  4  ds 
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yjs  the  Sum  of  the  Sides  AOfDQ  •  ^46. 4 

To  their  difference  3î*o. 

^0  the  foregoing  Tangent  '^SSll9'à 

To  another  Tangent  99^SS' 


to  which  44  degrees  and  about  yi  minutes  anfwer  in 
the  Table,  which  being  taken  from  86.19'.  the  fore¬ 
going  half,  there  will  remain  41.28'.  for  ADO,  half 
of  the  Flank’d  Angle,  wherefore  the  Flank’d  Angle 
ADB  will  be  of  821^6*.  which  being  thus  known,  the 
reft  may  be  eafily  ifnown  as  before. 


20 


A  Fourth  Method  of  Fortifying. 

WE  will  make  an  end  by  this  fourth  Method,  for 
thofe  that  wou’d  not  have  Second  Flanks  ;  it  is 
more  general  than  the  foregoing  ones,  becaufe  it  does 
not  limit  the  Flanks,  which  are  always  drawn  from 
the  Center  of  the  Place,  nor  the  Dcrai-gorges,  for 
tho’  they  always  increafe,  yet  they  grow  but  very  in- 
lenhbly  in  great  Polygons,  fo  that  as  we  have  faid  elfe- 
where,  in  a  Polygon  of  30  Sides,  a  Demi-gorge  does 
not  exceed  36  Toifes  upon  an  inward  fide  of  120 
Toifes. 

Having  drawn  from  O,  the  Center  of  the  Polygon 
to  be  Fortified,  thro’  the  point  C  the  middle  of  the  in¬ 
ward  fide  AB,  the  right  line  OC  perpendicular  to  AB, 
divide  the  faid  OCinto  as  many  equal  parts  as  the  Poly¬ 
gon  to  be  Fortified  has  fides,  and  one  more,  as  here  for 
an  Hexagon  into  ^  equal  parts,  and  allow  two  of  them 
for  the  Demi-gorges  AD, BE,  and  three  for  the  Capitals 
AHjBl  :  after  which  nothing  will  be  wanting  but  to 
draw  the  rafant-lines  EH,DI,  which  will  terminate 
^  the  Flanks  DF,EG,  drawn  from  the  Center  O. 

In  the  Pra6lice  you  need  adnally  draw  the  perpen¬ 
dicular  OC,  and  divide  it  into  9  equal  parts  ;  for  if  you 
apply  the  length  of  it,  which  you  may  have  by  de- 
feribing  from  the^Center  O,  an  Arch  which  rafes  the 
inward  fide  AB,  to  a  number  on  each  fide  of  the  Line  of 
equal  pans  op,the  Compafies  of  Proportion,  which  is 

d  i" 
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divifible  by  7,  as  from  140  to  140,  whofe  feventh 
is  20,  and  upon  the  faid  Line  of  equal  parts  you  take  4f- 
the  diftance  from  40  to  40,  you  will  have  the  length 
of  the  Demi-gorge,  and  if  you  take  the  diftance  from 
60  to  60,  you  will  have  the  length  of  the  CapitaL 


The  Calculation  of  this  Fourth  Method, 

TO  compute  the  Lines  and  Angles  of  a  Polygon 
thus  Fortified,  as  of  an  Hexagon,  whofe  half  this 
Figure  reprefents,  you  muft  begin  by  the  perpendicular 
OC,  which  may  be  known  by  computation,  making 
in  the  redangular  Triangle  AGO,  this  Analogy  : 

As  the  whole  Sine  100000 

To  the  7  angent  of  half  the  Angle  of  the  Polygon 
OAC  1732-or 

So  AC  half  of  the  inward  Side  60 

To  the  perpendicular  OC  104 


which  you  will  find  of  about  104  Toifes. 

If  from  208  double,  and  312  triple  this  perpendi¬ 
cular,  you  take  the  Seventh  parts,  you  will  have  29 
Toifes  and  about  4  Foot  for  the  Demi-gorge  AD,  and 
44  Toifes  and  about  3  Foot  for  the  Capital  AH. 

If  from  the  inward  Side  AB,  which  is  of  120  Toifes, 
the  Demi-gorge  AD,  or  BE  be  taken,  which  we  have 
found  to  be  of  29  Toiles  and  4  Foot,  there  will  remain 
po  Toifes  for  the  lengthen’d  Curtain  AE  :  And  in  the 
obliquangled  Triangle  HAE,  one  may  find  the  Angle 
diminué  AEH,  and  half  the  Flank’d  Angle  AHE,  by 
means  of  the  two  known  Sides  AE,AH,  and  the  Angle 
HAE,  which  they  make,  which  is  what  half  the  Angle 
of  the  Polygon  wants  of  180  degrees,  in  this  mannçr  : 


As  the  Sum  of  the  Sides  AE,^AH  f 

To  their  difference  4Î-Î' 

So  the  Tangent  of  a  quarter  of  the  Angle  of  the  Toly- 

gon  siiir 

To  another  Tangent  15)625' 

to  which  1 1  degree^s  and  about  6  minutes  anfwer  in  the 

Tables, 
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rhfe  20.  Tables,  which  being  taken  froai  at  quarter  of  the  Angle 
%.45.  of  the  Polygon,  that  is,lroro  degrees,  the  remainder 
jl3,  y4’.  will  be  the  ky\^t,  dimmui  AEH;  but  if  they 
are  added  the  fum  will  he  41.  6^.  fqr  half  the  Flank 'd- 
angle  AHE,  wherefore  the  Flank'd  angle  will  be  of 
S2.  Ï2'.  to  which  adding  the  Angle  of  the  Center  AOB^, 
fuppos'dhere  of  (>o  degrees,  you  will  have  142.  12C 
for  the  Flanking-angle  HKL 

The  Radius  AO  will  be  found  of  120  Toifes,  and  the 
Angle  of  the  Flank  ADO,  or  EDF,  of  106.,  18',  as  has, 
been  taught  in  the  firft  Method,  to  which  if  DEF  the 
Angle  dimïmi  be  added,  you  will  have  iiy.  ixV, 

for  the  Angle  of  the  Epaule  DFH. 

If  from  the  lengthen^  Curtain  AE,  which  has  beent 
found  to  be  of  po  Toifesand  two  Foot,  the  Demi-gorge^ 
AP,  which  we  have  found  to.  be  of  29  Toifes  and  4. 
Foot  be  taken,  the  remaiiider  >vill  be  60  Toifes  and  4, 
Foot  for  the  Curtain  DE,  by  means  of  which  one  may 
find  the  Flank  DF  in  the  Triangle  DEF,  by  thisi 
Analogy: 


the  Sine  of  the  Angle  7}  F E 


To  its  Qppofite  Side  T>E 
So  the  Sine  of  the  Angle  "DEF 


3-^39^^ 


To  its  oppofite  St  de  DF  24.. 

which  will  be  about  24  Toifes.  The  reft  may  be; 
known  as  before. 

The  Fiank’d-angle  begins  to  be  obtufe  in  the  En-- 
îieagon;  where  it  is  of  92.6^  and  it  becomes  (till  greater 
in  the  foÜowing  Polygons,  but  this  excefs  is  incon-^ 
fiderable,  being  but  of  about  one  degree  in  each  Poly-i 
gon  ,  fince  the  Flank'd-angle  is  but  of  9^.26'.  in  the‘ 
Dodecagon,  whereas  by  Count  Tagan\^  or  Mr.  F^auhan!%^ 
Method,  which  are  the  fame  in  refped  of  this  Angle,,: 
it  is  of  103.8'.  in  theEnneagon,  and  of  113.  in  the 
Dodecagon,  leeaufe  the  Angie  diminue  is  every  where 
çf  i8*2é\ 
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Errard'j  Manner,  of  Fortifying, 

ERrard  Fortifies  inwards,  and  raakes  the  Flank  per¬ 
pendicular  to  the  Face  of  the  Bafiion,  or  to  the 
Line  of  Defence,  which  4$  always  Rafant  in  all  the 
Polygons  :  As  for  the  Flank,  he  makes  it  perpendicular 
to  the  Face,  but  from  the  Square  to  the  Oàogon  ;  for  in 
the  other  Polygons,  he  makes  it  perpendicular  to  the 
Curtain.  The  Flank’d  Angle  is  of  60  degrees  in  the 
Square,  of  80  in  the  Pentagon,  and  of  90  in  the  other 
Polygons. 

But  to  come  to  the  Praélice  :  Let  AB  be  the  fide  of  an  pyts  2©. 
Hexagon,  whofe  Center  is  O.  At  the  ends  A,B,  of  the  Fig,  46.» 
outward  fide  AB,*  with  the  Radii  AO,  BO,  make  the 
Angles  OAC,  OBD,  of  45:  degrees  each,  and  divide 
one  of  thofe  Angles,  as  OAC,  into  two  equal  parts  by  the 
line  AD,  which  will  terminate  the  line  of  Defence  BD, 
which  you  rauft  carry  on  to  AC,  to  joyn  the  Curtain 
CD,  and  the  Flanks  DE,CF,  each  perpendicular  to  its 
oppofitc  Rafant-line  AC,  BD,  and  thus  each  Angle  of 
the  Epaule  E,  F,  will  be  a  right  one.  If  the  fame 
thing  be  done  every  where,  the  Hexagon  will  be  For- 
tified,’to  which,  on  the  outfide,  mufl:  bt  added  a  Ditch, 
whofe  Counterfearp  is  parallel  to  the  Rafant-line,  and 
is  drawn  from  the  Angle  of  the  Epaule  ;  and  on  the 
infide  a  Rampart,  whofe  breadth  muff  be  ei^ual  to 
the  length  of  the  Flank. 


Remarks  upon  ErrardV  Fortification. 

This  Manner  of  Fortifying  is  defeftive  ;  firft, 
becaufe  the  Flank  (tho’  being  perpendicular  to 
the  Face  of  the  Baftion,  it  is  better  fecur’d  againfl  the 
Enemy’s  Batteries,  and  contributes  better  to  the  de¬ 
fence  of  the  Gates  and  Curtains,  which  are  the  Parts 
bell  defended  by  their  nearnefs  to  the  Flanks  ;  yet  it) 
difcovers  much  lefs  the  Enemies  Batteries,  and  cannot 
hinder  them  from  advancing  their  Works  as  far  as  the 
Counterfearp,  which  it  can  fcarce  deiead,  which  is  ii 
great  advantage  to  the  Befiegers. 


fïate  20  • 
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BeGdes,  if  one  wou’d  make  Orillons  in  fnch  Flanks, 
the  cover'd  Flank  will  be  fohid,  that  it  will  hardly  dif- 
cover  all  the  breadth  of  the  Ditch  ;  and  it  can  hold  bnt 
few  Cannons,  the  Angles  of  the  Merlons  alfo  towards 
the  Field  will  be  fo  acute,  that  fuch  Merlons  may  be 
cafily  ruin’d  by  the  Enemy's  Cannon,  which  renders 
them  ufelefs. 

Moreover,  there  is  but  little  advantage  reaped  by  cover¬ 
ing  the  Flanks  from  the  Enemy's  Batteries,  becaufe 
when  he  is  lodg’d  upon  the  Counterfearp  he  will  al¬ 
ways  difeover  them  :  befides,  if  the  Flank  be  difeover’d, 
it  difeo vers  alfo,  with  that  advantage  that  the  Parapets 
of  the  Place  being  of  Earth  that  is  .well  fettled,  will 
fee  more  difEcultly  ruin’d  then  the  Batteries  of  the 
Enemy,  who  is  only  cover’d  with  new  rais’d  Earth  or 
Gabions. 

Laftly,  as  the  Polygons  increafe,  that  is,  as  they 
have  more  fides,  the  Faces  increafe  likewife,  and  the 
Curtains  decreafe,  which  is  a  conGderable  fault,  be¬ 
caufe  the  weakefl  parts,  {viz,  the  Faces,  which  are  de¬ 
fended  but  on  one  fide)  increafe,  and  the  ürongefl  de^ 
creafe,  namely,  the  Curtains,  which  arc  liank’d  and 
defended  on  each  fide  by  the  Flank. 

This  Manner  of  Fortifying  has  this  one  Conve- 
niency,  that  the  breadth  of  the  Ditch  is  feen  and 
fiank’cFby  the  whole  Flank,  which  does  not  happen  ia 
Places  that  have  a  great  fécond  Flank,  except  the'Dkch 
be  made  very  wide  over  againll  the  Curtain,  and  alfo 
in  Places  that  have  a  great  Flank- rafant,  unlefs  you  have 
a  very  large  Ditch,  which  increafes  the  expence. 

The  Cakuhîton  of  the  Angles  ani  Lines,,  m:eerding 

Errard  3  Defign. 

AS  this  Figure  reprefents  a  Demi-Hexagon,  the 
Angle  AOBof  the  Center  will  be  of  5o  degrees, 
and  ABL  the  Angle  of  the  Polygon  of  120.  KAE  the 
Flank’d-angle  having  been  made  a  right  one,  or  of  90  de¬ 
grees,  as  well  as  the  Angle  of  the  Epaule  AED,  the 
Angle  ACG  will  be  of  is  degrees,  the  Angle 

ol 
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of  th^  Flank  EDC  of  75,  and  the  flanking  Angle  EIF 
of  15^0.  And  fince  CAG  half  the  flank'd  Angle  4^  de¬ 
grees  has  been  divided  into  two  equal  parts  by  the  line 
AD,  each  of  the  Angles  DAE,  DAG  will  be  of  zi.  go'* 
And  the  Angle  ADE  its  complement  will  confequcntly 
be  of  67.  io\  The  Angle  ADG  j  7.  40^  The  Angle  ADG 
142.  go*.  The  Angie  AGC  of  no  degrees,  and  the 
Angle  DAB  of  37.  go*. 

Thus  all  the  Angles  are  known,  but  no  Line  is  known, 
which  yet  is  neceflary,  that  one  Line  being  known,  may 
ferve  us  as  a  Foundation  to  know  the  others  by  help  of 
the  known  Angles  :  Therefore  we  mufl;  fuppofe  one 
of  a  length  agreeable  to  the  Maxims  of  a  good  Fortifi¬ 
cation,  as  the  Line  of  Defence  AC,  or  BD,  which  we 
will  fuppofe  of  îzoToifes,  to  compute  in  thofe  parts 
the  other  Lines,  in  the  following  Manner. 

Firfl,  find  out  the  inward  fide  AB  by  this  Analogy  in 
the  obliquangled  Triangle  ADBj 

Æ  the  Sme  of  the  Angle  7}AB  '  \  \ 

To  its  oppofite  Side  B7)  ‘  "  iio 

So  the  Sine  of  the  Angle  A7^B  193 IT 

To  its  oppofite  Side  AB  ly  6.  2. 

« 

which  will  be  of  156  Toifes  and  about  2  Foot, 

Becaufe  the  Line  AD  is  of  ufe  in  finding  out  the 
Face  AE,  and  the  Flank  DE,  in  the  reilangular  Tri¬ 
angle  AED,  we  muft  find  its  length  in  the  fame  oblique- 
angled  Triangle  ADB,  by  this  Analogy  : 


As  the  Sine  of  the  Angle  T>AB  ■  ido87(S 

To  its  oppofite  fide  Bl>  12  0 

5b  the  Sine  of  the  Angle  ABT>  2^882 

To  its  oppofite  Side  Af}  y  i 


which  we  find  to  be  of  about  yi  Toifes,  and  which 
will  ferve  to  find  out  the  Face  AE,  and  the  Flank  DE, 
in  the  Triangle  ADE  reâangular  at  E,  by  thefe  two 
Analogies  : 


94 

Plate  20. 

Fig.  46, 
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y/jT  the  whole  Sine  ‘ 

To  the  Hypotenufe  AT> 

So  the  Sine  of  the  Angle  AT)E 
To  the  Face  AE 


roooo(^k 

5)1788! 
'  47*1 


which  will  be  of  47  Toifes,  and  about  One  Foot* 


As  the  whole  Sine 

To  the  Hypotenuje  AT> 

So  the  Sine  of  the  Anp-h  IDAE 

To  the  Vlank  ETJ  - 


-  I 00000 

38268 
Ip-  3. 


which  will  be- of  ip  Toifes,  and  about  3  Foot. 

By  means  of  the  P'lank  thus  known,  one  may  find 
out  the  Curtain  CD,  by  the  following  Analogy  in  the 
Triangle  CDE,  re^angular  at  E, 


As  the  whole  Sine 

To  the  Secant  of  the  Angle  CDE 
So  the  Flank  ED  >  ;  -  ^ 

To  the  Curtain  CD  i  V  a  >  . 

V  i  .  1  ♦ 


looooo 
386370 
Ip-3- 
.7-r-  2-. 


which  will  be  of  7^  Toifes,  aftd  about  2  FooC  . 

The  Capital  AG  will  be /found  in  the  obliquangled 
Triangle,  whofe  Angles  are  all  known  as  well  as  the 
iide  AD,  by  this  Analogy, 


As  the  Sine  of  the  Angle  AGD^ 
To  its  oppofite  fide  AD  ‘ 

So  the  Sine  of  the  Angle  ADG 
To  its  oppofite  fiàe  AG  ,  ^  ^  ^ 


86602 

60876 
3/.  S 


which  will  be  of  3y  Toifes,  ahl  about  y' Foot.  C 

The  Demi  gorge  DG  will  he  found  by  the  foÜowing 
Analogy,  in  the  fame  obliquangled  Triangle/' 


\ 

As  the  Side  of  the  Angle  AQD 
Toits  oppofite  fide  AD 
So  the  Sine  of  the  Angle  DAG 
To  its  oppofite  fide  GD 


.  S6602 

yt 

.  38268 

22. 3. 
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which  will  be  found  to  be  of  22  Toifes,  and  about  3 
^oot,  whdfe  double,  or  45' Toifes  being  added  to  4he 
Curtain  FG,  which  is  of  15  Toifes  and  2  Foot,  you 
will  have  f  20  Toifes  and  2  Foot  for  the  inward  fide  GH. 

The  Computation  will’  be  no  otherwife,  when  the  Mate 
Flank  is  perpendicular  to  the  Curtain,  which  will  be  4?- 
done  by  taking  the  lines  IE,  IF,  ct^ual  to  the  lines  ÏC, 

ID  :  ând  then  the  Flunks  DE,  CF,  will  become  greater 
than  in  the  foregoing  Polygon,  and  confequeiitlf 

better,  ,  ^  a,,?  '  ■  f  .  ■  ' 

,  / 


Cmni  S  ’ Manner  of  Y oxiiYjiXig-.  ^ 

iOunt  Tagan\  Method  of  Fortifying  a  Polygon  h 
quite  contrary  td  the  foregoing  ,  and  alfo  better | 
for  iniiead  of  making  the  Angle  of  the  Flatik  acute  ^ 
as  Evrard he  mak^s  it  obtufe,  that  the  Flank  may 
difcover  more  Ground,  making  it  perpendicular  to  thé 
Line  of  Defence  of  the  oppofite  Baüion^  that  from  fiich 
a  Flank  one  may  the  better  rafe  and  defend  the  Face  erf 
the  (aid  oppofite  Baftioii,  which  is  the  wçakefl:  Part  of 
all  the  Fortification,  and  the  firft  attack’d.  This  Count 
makes  the  Line  of  Defence  always  rafant,  ak  Errard 
does;  but  he  does  not  value  making  the  Angle  of  the 
Baftion  a  right  one.  ; 

This  Author  eftahlifhes  Th ree  Sorts  of  Fortification^ 
the  Great,  the  Mean,  and  the  Little  :  And  as  he  alfoF^.^C 
Fortifies  inwards,  he  inake§  the  outward  fide  of  200 
Toifes  in  the  Great  Fortification,  of  iSo  in  the  Mean, 
and  id©  in  the  Little^  and  allows  do  Toifes  for  the  Face 
in  the  Great  pne,  y  y  Toifqs  in  the  Mean,  and  50  in  the 
Little  one.  Laflly,  the  Perpendiciilar,  which  deter¬ 
mines  the  Rafant-line,  is  every  whereof  goToifos, 
cept  in  the  Square,  where  it  is  only  of  27  for  the  Great 
Fortification,  and  of  24  for  the  Mean,  and  for  the 
Little.  But  to  the  Praâice. 


Having  fuppOs’d  the  outward  fide  ABof  200  Toifos, 
for  the  Great,  of  180  for  the  Mean,  and  160  for  the 
Little  Fortification,  divide  it  into  Two  equal  Parts,  at 
the  point  C,  and  draw  to  its  point  G  from  the  Cea- 

ler 
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ter  O,  the  perpendicular  CD  of  30  Toifes  in  all  the? 
Polygons^  except  in  the  Square,  where  you  fllall  only, 
make  it  of  27  Toifes  for  the  Great,  and  24  for  the: 
Mean,  and  for  the  Little  Fortification.  Draw  thro'D) 
the  Lines  of  Defence  ADH,  BDG,  to  take  upon  themi 
the  Faces  AE,  BF,  of  60  Toifes  each  in  the  Great  For¬ 
tification,  of  ss  Mean,  as  here,  and  of  yo  in  the: 

Little.  Lafliy,  draw  the  Flanks  EG,  FH,  perpendicular 
to  the  Rafant-lines  BG,  AH,  and  join  the  Curtain  GH. 
Pî/tte  11,  ^ov  the  Cafemates  and  Grillons,  divide  the  Flanks^ 
Fig.  50.  EG,  FH,  each  into  Two  equal  Parts  at  L,  and  the  linesi 
EL,  FL,  will  be  the  Flaiiks  of  the  Grillons  ;  which  the: 
Author  has  made  Square.  Lengthen  the  Line  of  De¬ 
fence  into  the  Baftion  towards  N,  and  thro’  the  point  L. 
draw  LM  parallel  to  the  faid  Line  of  Defence  for  the: 
depth  of  the  Cafemate,  in  which  the  Author  has  Three: 
Batteries,  where  the  Numbers  mark’d  in  the  Figure: 
fhew  how  many  Toifes  the  Parapets  and  Terre-plainsi 
of  thefe  Batteries  are  of,  each  of  which  mufL  be  capable: 
of  containing  j  Pieces  of  Cannon,  at  leaft.  The  height: 
of  the  firfl  is  z  Toifes  above  the  bottom  of  the  Ditch,, 
that  of  the  Middle-one  4,  and  the  Third  6,  being  as  highi 
as  the  Rampart  ;  which  is  3  Toifes  above,  as  the  bottomi 
of  th^  Ditch  is  3  Toifes  below,  the  Level  of  the  Field. 
Phte  2  f.  This  will  be  eafily  known  by  looking  upon  the  Profill 
Fg.  49.  of  thofe  Batteries,  which  we  have  deferib’d  along  the: 
the  Wall  of  the  Demi-gorge,  upon  the  lengthen’d  part; 
of  the  Line  of  Defence  ;  Where  the  line  AB  reprefcntsi 
the  Terre-plain  of  the  Rampart,  and  of  the  firfl  Bat¬ 
tery,  of  which  CD  is  the  Parapet  :  The  line  EF  repre-- 
fents  the  Terre-plain  of  the  Second  or  Middle  Battery, (i 
of  which  GH  is  the  Parapet:  The  line  IK  reprefentsi 
the  Terre-plain  of  the  Third  and  Lowefl  Battery,  whofe: 
Parapet  is  LM  :  Laftly,  the  line  NG  reprefents  the: 
bottom  of  the  Ditch.  * 

Plate  11.  'Thh  Count  diàds  in  the  Baftion  another  lefs  Baftion 
IKL,  With  its  Rampart  and  Parapet,  which  ferve$: 
for  a  Retrenchment,  whofe  Earth  is  taken  from  the  dry 
Ditch  hard  by.  The  Counterfearp  of  the  great  Ditch 
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is  parallel  to  the  Face  of  the  Baflion,  or  to  the  Line  of 
Defence,  and  beyond  that  Ditch,  he  adds  a  Counter¬ 
guard  MNO,  whofe  Ditch  is  liTôifes  broad,  and  Ram¬ 
part  7,  taking  in  the  Parapet  of  3  Toifes:  Pretending 
that  a  Place  Fortified  with  thefe  Three  Ditches,  and 
thefe  Three  Parapets  defended  by  the  Cannon,  is  Three 
Times  as  Strong  as  ordinary  Places. 

This  Learned  Author  makes  alfo  upon  the  re-entrant 
Angle  of  the  Counterfcarp,  a  double  Ravelin,  fo  plac'd 
as  to  be  defended  by  the  Face  of  the  Balfion,  and  by  the 
Counter-guard ,  which  is  alfo  flank’d  by  the  Raveling 
as  one  may  fee  in  the  I’reatife  of  Fortification  which 
he  has  publilh’d. 

Remarks  upon  Count  Pagan  V  Fortification. 

This  Divifion,  which  Count  Fagan  makes  into 
Great,  Mean,  and  Little  Fortification,  feems  of 
very  little  ufe,  at  leaft  in  Regular  Fortification  :  There¬ 
fore  ifi  the  Pra£l;ice  Î  fhall  keep  to  the  Mean,  which  al¬ 
lows  i8o  Toifes  for  the  outward  fide  of  the  Polygon, 
where  it  happens  that  the  Line  of  Defence  is  of  about 
Toifes,  as  you  will  fee  in  the  Calculation  that  we 
fhall  give  of  it,  after  we  have  faid  fomething  concern¬ 
ing  the  Advantages  and  Difadvantages'of  this  manner 
of  Fortifying,  which  has  been  a  Model  to  all  the  others 
fince  it  has  been  piiblifh’d. 

The  Author  confidering  that  the  chief  Parts  tvhicll 
defend  powerfully,  and  very  much  retard  the  taking  of 
Places,  are  the  Flanks,  the  Ramparts,  and  the  Ditches, 
makes  his  Flanks  very  great,  and  his  Gorges  very  long; 
to  make  Three  Batteries  in  them,  in  each  of  which  hé 
puts  4  Pieces-  of  Cannon  ,  Three  of  which  are  well 
enough  cover’d,  not  to  be  eafily  damaged  by  the  Be- 
fiegers  Counter-Batteries,  who  will  fuffer  very  mudt 
from  them  when  they  appear,  and  endeavour  to  maké 
Lodgments  in  the  ruins  of  the  Breaches,  where  thé 
Cannons  of  the  Batteries  ^xtde  Revers^  or  in  the  Rear» 

•  The  Two  Ditches  with  the  Two  Ramparts,  that  th& 
Author  makes,  according  to  his  Maxims,-  not  only  bin- 
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Blate  22.  Enemies  from  paffing  the  Ditch  eafily^  but  alfb 

50.  tiienî  oflf  from  the  life  of  Fourneaux,  and  from 
Lodging  themfelves  upon  the  ruines  of  Breaches  :  And 
befides,  when  the  Befieger  has  taken  the  firft  Rampart^ 
he  will  find  himfelf  Enibarafs'd  in  the  Second  Ditch, 
being  almofi:  in  the  middle  of  the  Befieg'd,  who  can 
eafiiy  fire  upon  him  on  all  fides,  and  defiroy  him  with 
Bombs,  Granado’s,  Gauderons,  Mines  and  Fourneaux, 

LafUy,  The  Ditch  is  as  well  defended  as  maybe,  irom 
the  Flank, which  being  perpendicular  to  the  Line  of  De¬ 
fence,  flanks  fully  the  Face  of  the  oppofite  Bafiion  :  And 
^  the  greatnefs  of  the  Demi- gorge  fhortens  the  Line  of  De¬ 
fence,  fo  that  the  High  and  the  Mean  Places  will  never 
be  out  of  Musket-fhor,  at  leafl  the  Mean,  which  con- 
feqiiently  ought  to  be  preferr’d  to  the  Great  Forti¬ 
fication. 

Thefe  Advantages,  and  feveral  others,  make  a  great 
many  approve  of  this  Manner  of  Fortifying  ,  but  it  is 
not  to  be  approv’d  in  every  thing,  becaufe  of  the  Difad- 
vantages  which  (I  think)  it  has  ;  firfl,  becaufe  the  Faces 
^  being  too  long,  the  Enemy  may  make  great  Breaches  yi 
them,  which  are  very  troublefome  to  the  Befieg’d,  when 
they  go  about  to  repair  them,  leafl  the  Enemy  (hou’d 
make  a  Lodgment  in  them,  efpecialiy  when  the  De¬ 
fenders  are  but  few. 

The  Cafemates  and  Flanks  are  too  much  expos’d  to 
the  Counter-Batteries  of  the  Befiegers,  who  may  eafiiy 
difmount  the  Cannons,  then  pafs  the  Ditch,  and  hide 
themfelves  in  the  Breach,  without  fearing  the  Musket- 
^  (hot  of  the  oppofite  Flanks,  which  in  the  Great  Forti¬ 
fication  are  too  diflant:  Befides,  the  Three  hidden  Can¬ 
nons  are  not  fufficient  to  hinder  the  Enemies  from  lodg¬ 
ing  upon  the  ruiiics  of  the  Breach,  becaufe  while  the 
Pieces  are  charging,  they  may  bury  themfelves  in  it, 
and  raife  Epaukmmts  or  Shoulderings  to  fecure  thera- 
felves. 

Flanks  perpendicular  to  the  Rafant-line,  which  this 
Count  made  thu§  for  this  ReAfon,  {viz.)  that  fuch  as 
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make  them  otherwife  don’t  confider,  that  whatever  fees 
is  alfo  feen  from  what  it  fees,  may  be  rejected  for  this 
Reafon  :  For  tho'  it  is  true  that  what  fees  is  feen,  yet 
one  (hou’d  confider  that  whai  fees  a  great  Space,  is  alfo 
feen  of  that  great  Space,  in  which  the  Befiegers  may 
find  advantageous  Places  to  raife  Batteries,  and  deftroy 
thofe  which  they  will  fee  in  Flanks,  which  are  too 
much  expos’d.  Befides  it  is  not  neceffary  that  the  Can* 
nons  of  the  Flanks  fliou’d  difcover  fo  much  of  the  Field, 
their  ufe  being  only  to  defend  the  oppofice  Ballion  s 
Face,  and  Counterfcarp,  and  the  Ditch  ;  for  the  reft 
may  be  defended  from  feveral  other  Places. 

Laftly,The  retrench’d  Baftion  which  increafes  the  Ex¬ 
pence  by  one  third  Part,  tho’itis  but  a  Retrenchment, 
and  an  empty  Baftion,  may  be  taken  as  eafily  as  the  firft, 
by  means  of  a  fécond  Mine,  and  by  its  lofs  caufe  that 
of  the  Place,  the  Befieg’d  not  being  able  to  hinder  it, 
or  to  raife  any  Retrenchment  in  that  empty  Baftion,  in 
order  to  Capitulate  with  more  Advantage. 

Thefe  Reafons  feem  weighty  enough  to  fhew,  that 
tho’  this  manner  of  Fortifying  be  not  blameable  in  moft 
of  it3  Maxims,  yet  I  am  not  to  blame  that  1  have  not 
follow’d  it;  it  is  true,  that  by  retaining  what  is  Good, 
and  altering  for  the  Better  what  is  Difadvantageous 
in  it,  one  might  certainly  render  it  a  very  perfedl  way 
of  Fortifying. 

For  Example,  That  the  Cafemates  may  be  longer 
and  better  Cover’d,  inftead  of  drawing  the  Retirade  of 
the  Flank  LM  parallel  to  the  Line  of  Defence,  one  may 
draw  it  from  the  Angle  of  the  oppofite  Baftion,  as  wc 
have  done  elfewhere  :  And  becaufe  the  Flank’d  angle 
begins  to  be  obtufè  in  the  Heptagon,  and  that  it  is 
.very  much  open  in  the  Polygons  of  more  fides,  which 
I  think  a  confiderable  Fault;  one  may  correél  that  An¬ 
gle,  by  making  it  a  right  one,  by  means  of  a  Semi-circle 
defcrib’d  upon  the  Two  Flanks  of  the  Baftion,  as  we 
do  in  our  Second  Method,  which  will,  indeed,  make 
the  Faces  a  little  longer,  but  that  fault  is  récompensé  by 
a  Right-flank’d- angle,  a  clofer  Tenaille,  and  a  Second- 

G  ^  *  flank 


loo  J  Treaüfe  of  ^ort\ûc2Ltion.  Part  IIL 

Bank  «poil  the  Cumin,  which  very  much  increafes 
the  Defence  of  the  Place.  Laftly,  One  may  draw  the 
Flank  from  the  Center  ot  the  Place,  according  to  our 
Method,  and  then  it  will  be  lefs  expos'd,  and  fomething 
greater,  which  gives  it  Two  confiderable  Advantages. 

Tèe  Cakuhtim  of  the  Angles  and  Lines  according  to 

Count  '?dig2LnsL>e/ign, 

outward  fide  AB  belonging  to  an  Hexagon» 
4^-  _L  the  Angle  AOB  of  the  Center  will  be  of  6ôDe* 
grees,  and  the  Angle  ABK  of  the  Polygon  of  120.  If 
you  fuppofe  the  outward  fide  AB  of  t8o  Toifes,  fuch 
as  it  miili:  be  in  the  Mean  Fortification,  which  we  fol¬ 
low  here,  its  half  AC,  or  BC  will  be  of  S)o  Toifes,  the 
perpendicular  CD  of  go,  and  the  Face  AE  of  yy. 

By  means  of  thefe  Angles,  and  thefe  Lines,  thus 
known,  one  may  by  Computation  eafily  know  the  other 
Angles,  and  the  other  Lines  ;  and  firfl  the  Angle  dl- 
rnlnm  CAD,  by  the  following  Analogy  in  the  Triangle 
ACD  redlangiilar-at  C  : 


As  the  Jide  AC  90 

To  the  whole  Sine  1 00000 

So  the  fide  CD  30 

To  the  Tangent  of  the  Angle  CAD  3  5335 


which  you  will  find  to  be  or  18.  which  being  taken 
from  half  the  Angle  of  the  Polygon,  or  from  6q  De¬ 
grees,  41.  54'.  will  remain  for  OAHhalfof  the  Flank’d- 
angle,  wherefore  the  Fiank'd-angle  will  be83.8^  to 
which  if  AOB  the  Angle  of  the  Center,  or  60  Degrees 
be  added,  the  funi  will  be  143.  8'.  for  the  Flanking- 
angîe  ADB. 

To  know  the  Flank  EG,  one  mnfl  firfl  find  the  Hy- 
potenufe  DE  of  the  redlangular  Triangle  DGE,  finding 
firft  the  Tenaille  AD,  in  the  redangular  Triangle  AGD, 
by  this  Analogy  : 
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the  whole  Sine  looooo  piau  i  t 

To  the  Secant  of  the  Angle  diminue  CA2)  1 0^408  Fig*  48* 
So  AC  half  the  outward  fide  AB  po 

To  the  Tenaille  AT)  -  .  P4. 5-’ 

which  will  be  of  94  Toifes,  and  about  y  Foot,  from 
which  taking  the  Face  AE,  which  is  of  ss  Toifes,  39 
Toifes  and  y  Foot  will  remain  for  the  Hypotenufe  DE, 
and  in  the  re61angiilar  Triangle  DGE,  whofe  Angle 
EDG  is  equal  to  double  the  Angle  diminue^  and  confe- 
quently  of  36.  you  may  find  the  Flank  EG  by  this 
Analogy: 


As  the  whole  Sine  100000 

To  the  Hypotenufe  DE  S' 

So  the  Sine  of  double  the  Angle  diminue  S999S' 

To  the  flank  EG  _  ;  2.3.  4. 

t'.  "  ■ 


which  we  fhall  find  to  be  of  23  Toifes,  and  about  4  Foot. 

If  to  GDE  double  the  Angle  diminue^  that  is,  if  .to 
36.  y 2'.  the  Angle  DGE,  or  90  Degrees  be  added,  you 
will  have  12^5.  y2‘.  for  the  Angle  of  the  Epaule  AEG; 
and  if  to  the  Angle  diminue  FGH,  which  has  been 
found  to  be  of  18.26’.  90  Degrees,  or  the  Right-angle 
EGD  be.  added,  you  will  have  108.  26'.  for  ECjH  the 
Angle  of  the  Flank. 

To  know  the  Rafant-line  AH,  or  EG,  fir  ft  find  out 
the  line  DG,  or  DH,  which  our  Author  calls  Compk^ 
ment^  by  the  following  Analogy  in  the  reflangular 
Triangle  DGE: 


As  the  whole  Sine  looooo 

To  the  Hypotenufe  DE  39*  y 

So  the  Sine  of  the  Angle  of  the  Epaule  E  80003 
To  the  Complement  DG  3- 


which  we  fhall  find  to  be  of  31  Toifes,  and  about  3 
Foot,  which  being  added  to  the  Tenaille  AD,  or  BD, 
which  has  been  found  to  be  of  94  Toifes,  and  y  Foot^ 
you  will  have  12^  Toifes,  and  2  Foot  fer  the  Rafant- 
>  line  AH,  or  BG.  G  3  By 
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PUteiT.  By  means  of  the  Complement,  DG,  or  DH,  thus 
4^.  known  to  be  of  31  Toifes,  and  5  Foot,  you  may  find 
out  the  Curtain  GH,  by  the  following  Analogy  in  the 
Ifofceleg  T riangle  GDH  : 


JÛS  the  Sine  of  the  Angle  diminue  T>GH  31620 
To  the  Complement  ‘DG  3* 

So  the  Sine  of  double  the  fame  Angle  diminue  S9S>9S 
To  the  Curtain  GH  S9-  3* 

which  will  be  of  y  p  Toifes,  and  about  3  Foot,  and  which 
will  ferve  us  to  know  the  lengthen'd  Curtain  LH,  by 
the  following  Analogy  in  the  obliquangled  Triangle 
ALH: 

As  the  Sine  of  half  the  Angle  of  the  Tolygon  L  865ô^ 
To  the  Rafantdine  AH  tz6,  z 

So  the  Sine  of  half  the  FlanUd-angle  LAH  '  '  66  3  4P 
To  the  lengthen'd  Curtain  LH  p6.  4. 

which,  is  of  p6  Toifes,  and  about  4  Foot,  from  which 
taking  the  Curtain  GH,  which  has  been  found  to  be  of 
*  S9  Toifes,  and  3  Foot,  you  will  have  37  Toifes  and  i 
Foot  for  the  Demi-gorge  LG,  or  HM,  which  being 
added  to  the  faid  lengthen’d  Curtain  LH,  or  GM,  that 
is,  to  p6  Toifes  and  4  Foot,  you  will  have  133  Toifes, 
and  y  Foot  for  the  inward  fide  LM. 

Laflly,  you  may  find  the  Capital  ALby  this  Analogy 
in  the  obliquangled  Triangle  ALH; 

As  the  Sine  of  half  the  Angle  of  the  Tolygon  L  86602 
To  the  Rafant-line  AH  126.'  2. 

So  the  Sine  of  the  Angle  diminue  AHL  31620 
To  the  Capital  AL  46 

of  about  46  Toifes, 


tS\{r.  Bombelle’j  Manner  c?/ Fortifying. 


Mr.  Bombelie  Fortifies  outwards  ,  and  after  Count 
Ragans  Way,  eilablifhes  Three  Sorts  of  Forti¬ 
fication,  the  Little  Royal,  the  Mean,  and  the  Great 

Royal. 


I 
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Hoyal.  The  inward  fide  of  the  Little  Royal  is  of  60 
Rods,  or  120  Toifes,  that  of  the  Mean  of  70  Rods,  or 
140  Toifes,  and  that  of  the  Great  Royal  of  80  Rods,  or 
i6o  Toifes.  They  are  all  Fortified  one  Way,  which 
is  the  following  : 

The  fide  of  your  Polygon  being  determin’d  for  your  piatei 
Great,  Mean,  or  Little  Royal,  as  AB,  which  here  be-  Fig.  51. 
longs  to  an  Hexagon,  allow  the  fifth  Part  of  it  to  the 
Derai-gorges  AC,  BD,  and  the  fourthiPart  to  the  Flanks 
CE,  DF,  which  rauft  each  of  them  make  with  the  Cur¬ 
tain  CB  an  Angle  of  1 00  Degrees,  then  you  will  have  the 
Points  of  the  Baflions  G,  H,  by  the  Rafant-line,  CH,DG, 
and  the  whole  operation  is  ended. 

The  Author  adds  beyond  the  Ditch,  which  he  makes  Fig. 

12  Rods,  or  24  Toifes  broad,  a  Ravelin,  whofe  Point  T  ^ 
is  found  by  defcribing  from  the  ends  A,  B,  of  the  in¬ 
ward  fide  AB,  Two  Arches,  with  the  difiance  of  the 
lengthen’d  Curtain  AD,  or  BC,  whofe  Faces  TV,  tend 
to  I  the  ends  of  the  Square  Orillons,  wherewith  the 
Author  covers  his  Round-flanks  or  Cafemates,  which  he 
thus  defcribes  : 

Draw  upon  the  ends  C,  D,  of  the  Curtain  CD,  the 
Two  Flanks  Cl,  DI,  perpendicular,  which  will  be  ter¬ 
minated  at  I,  by  the  Two  Rafant-lines  CH,  DG,  and 
will  terminate  the  Faces  GI,Hr,  which  thus  will  be  in¬ 
creas’d  by  all  the  fpace  El,  or  FI,  whichithe  Author 
allows  that  he  may  have  more  room  in  the  Bafiions,  and 
make  Two  cover  a  Flanks  in  them,  thus: 

Having  drawn  the  Two  lines  GR,  HR,  each  equal  to 
one  Third  of  the  Faces  GI,  HI,  and  the  lines  IK  equal 
alfo  to  a  third  Part  of  the  Flanks  Cl,  DI,  draw  from 
the  point  R,  which  terminates  GR  the  third  Part  of  the 


Tho*  by  a  "Roà,  (EngllfK  Msafure')  rûs  mean  Foot  and  a  - half  ^ 
yet  Mr.  Ozanam  only  underfiands  i  2  Paris  Feet^  or  TivoToifes,  which 
are  12  Foot  9  Inches  and  a  half  of  Englifli  Meafure;  for  the  Frt'nc^ 
Toife  is  Six.  of  our  Feet  5  Inches  3  quarters.,  tho*  in  the  Marginal  Note^ 
Pagfi  5,  we  hanje  call'd  it  a  Meafure  of  Six  Feet,  not  thinking  fuck  an 
exa^nefs  requifite  in  Fortification,  there  being  little  more  than  47  Foot 
difference  i n  a  Line  of  Ti>sfence  of  no  Toifes. 

G  4 
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p/ff5î3.p^ce  GT,  thro’  the  point  K  the  line  RKL,  which  will 
^^'be  terminated  at  L,  by  the  line  DL,  perpendicular  to 
the  Rafant  DG,  which  mud  be  lengthen'd  till  it  touches 
the  Radins  of  the  Polygon  in  fome  point,  as  in  P,  to 
take  upon  the  fame  Radius  the  diflance  P(i,  which  will 
terminate  the  Two  Cover’d* flanks ,  whofe  Common 
Center  X  will  be  found  by  defcribing  from  the  ends 
D,  L,  of  the  line  DL  Two  Arches,  with  a  diflance  equal 
to  three  quarters  of  the  faid  DL. 

The  refl  may  be  eafily  imderflood  by  a  fight  of  the 
Figure:  Wherefore  we  ftiall  only  fay,  that  upon  DL 
lengthen’d,  the  line  LM  has  been  taken  two  Rods  long, 
and  that  from  M,  to  the  line  KL  has  been  drawn  the 
parallel  MN  iz  Rods  long,  (^c.  You  muftobferve  that 
the  Parapets  are  every  where  Two  Rods,  or  4  Toifes 
broad. 

The  Gafemates,  which  onr  Author  adds  at  the  Point 
of  the  Baflion,  and  which,  in  time  of  need,  may  ferve 
as  a  Retrenchment,  is  defcrib’d  by  taking  upon  the  Ca¬ 
pital  of  the  Baflion,  the  line  GS,  or  HS  equal  to  half 
of  the  line  GR,  or  HR,  and  defcribing  from  the  point 
S  for  your  Center,  thro’  the  points  R,  an  Arch  for  the 
Cafemate,  whofe  Parapet  is  4Toifes  broad,  and  which 
is  fomething  lower  towards  the  Point  of  the  Baflion 
than  the  refl  of  the  'Baflion,  and  the* way  to  it  lies 
thro’  a  PafTage  made  in  fpine  part  of  the  Baflion,  as 
at  0. 


We  have  forgot  to  fay,  that  our  Author  covers  his 
Ravelins  with  a  Counter-Guard,  which  he  makes  beyond 
the  Ditch  of  the  Ravelin,  which  he  makes  8  Rods,  or 
X6  Toifes  broad,  which  is  the  third  Part  of  the  breadth 
of  the  great  Ditçh.  This  Counter-Guard  is  thus  de¬ 
fcrib’d  ; 

Lengthen  TV  the  Face  ol  the  Ravelin  beyond  the 
Ditch  towards  y,  fo  that  the  line  i,y,  may  be  equal  tot 
the  faid  Face  TV, and  at  the  pointy,  with  the  line 
make  an  Angle  of  60  degrees,  by  means  of  the  line  y,  6. 
Make  the  lines  i  z,  i  4,  each  equal  to  the  third  Part  of 
Î  y,  and  finiPn  the  RlicmLs  1234,  and  the  Counter- 

Guard 
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Guard  will  be  perfe6led,  to  which  add  on  the  outfide 
a  Ditch,  and  on  the  infide  a  Parapet,  as  in  the  Ravelin.  ‘ 

c 

_  * 

Remarks  upon  iSMr,  Bombelle'j  Fortification. 

The  Way  of  making  round  cover'd  Flanks  haS 
been  found  out  by  the  Italians^  and  our  Author 
very  judicioiifly  ufes  them,  that  they  may  be  more  ca¬ 
pacious,  and  fitter  to  refifl  the  fhock  o.f  the  Enemy's 
Cannon  :  But  they  feem  to  be  fomething  too  round,  be- 
caufe  by  their  Convexity  they  take  up  too  much  room 
towards  the  Center  of  the  Bauions,  and  leave  too  little 
fpace  between  the  Two  High-flanks - 

As  his  Flanks  are  very  great  he  is  in  the  right  to  neg- 
leét  a  Second-flank  upon  the  Curtain  ;  but  as  he  makes 
them  of  the  fame  bignefs  in  all  the  Polygons,  to  me 
they  feem  too  long  in  the  Square  and  in  the  Pentagon, 
and  efpecially  in  the  Square,  where  the  Face  of  the  Ba- 
ftion  becomes  too  long,  and  the  Flank'd-angle  too  acute, 
being  of  no  more  than  48  Degrees,  becaufe  the  Angle 
diminué  1%  try  where  of  20.  y6'.  as  you  will  fee  in 

The  Calculation  of  the  Angles  and  Lines ,  according  to 

c^r.  Borabeile'j  Lefign. 

This  Figure  being  a  Demi-Hexagon,  the  Angle  Fig 
of  the  Center  AOB  will  be  of  60  Degrees,  and 
the  Angle  of  the  Polygon  of  120.  The  Angle  of 
the  Flank  ECD  having  been  made  of  too  Degrees,  will 
fervc  to  find  out  the  other  Angles,  and  Hrfi:  the  Angle 
diminue  CDE,  in  the  Triangle  CDE,  in  which,  befides 
the  Angle  of  the  Flank  ECD,  the  Flank  EG  and  the 
Curtain  CD  is  known:  For  if  140  Toifes  be  given  to 
the  inward  fide  AB,  as  the  Author  does  in  the  Mean 
Fortification,  the  Demi-gorge  AC  will  be  of  28  Toifes, 
the  Curtain  CD  of  84,  and  the  Flank  EC  of 

Therefore  to  find  ont  the  àoglt  diminué  CDE,  take 
from  180  Degrees  the  known  Angle  ECD,  and  the  re¬ 
mainder  will  be  8  Degrees  for  tl|e  fum  of  the  Two  other 
Angles  E,D,  of  the  Triangle  ECD,  whofe  half  will  con- 
fequently  be  40  Degrees:  Then  you  may  find  half  of 
iheir  difference  by  this  Analogy  :  As 
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Mate  23.  As  the  fum  of  thefides  C2)y  CE^  up 

Fig,  $u  To  their  difference  49 

5b  the  Tangent  of  half  the  fum  of  the  Angles  B39IQ 
To  the  Tangent  of  half  their  difference  ^ 

which  will  be  of  19.4V  which  being  taken  from  half 
the  fum  of  the  Angles,  or  40  Degrees,  the  remainder 
will  be  20.  5^^'.  for  the  Angle  diminué  CDl^  which  be¬ 
ing  taken  from  half  the  Angle  of  the  Polygon,  or  60 
Degrees,  ^9.  4  V  will  remain  for  half  the  Flank'd-angle 
AGD,  wherefore  the  whole  Flank’d-angle  will  be  of 
-78.8'.  . 

If  to  the  Curtain  CD,,  which  is  of  84  Toifes,  28 
Toifes  be  added  for  the  Demi-gorge  AG,  or  BD,  y  on 
will  have  ii2foires  for  the  lengthen’d  Curtain  AD  or 
BC,  and  in  the  obliquangled  Triangle  ADG  you  may 
know  the  Line  of  Defence  D(^  and  the  Capital  AG,  by 
thefe  Two  Analogies  : 


j^s  the  Sine  of  the  Angle  AGD  ^ 3022, 

To  its  oppoftte  fide  AD  112 

So  t  he  Sine  of  the  Angle  G  AD  86602 

To  its  oppofite  fide  DG  ly  2 .  T 

which  you  will  find  of  1^3  Toifes,  and  about  s  Foot.. 

As  the  Sine  of  the  Angle  AGD  63021. 

To  its  oppofite  fide  AD  112. 

So  the  Sine  of  the  Angle  ADG  ' 

^  To  its  oppofite  fide  AG  63.  3.. 


of  63  Toifes,  and  about  3  Foot.  | 

To  know  the  Face  GE,  firft  find  out  the  line  DE  by 
the  following  Analogy  in  the  obliquangled  Triangle 
ECD: 


As  the  Sine  of  the  Angle  CD  E 

3^'7aS 

To  its  oppofite  fide  CE 

3S" 

So  the  Sine  of  the  Angle  ECD 

983811 

To  its  oppofite  fide  DE 

92.  1. 

—  . 

which; 
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which  will  be  of  Toifes,  and  about  3  Foot,  and 
which  being  taken  from  the  Rafant^line  DG,  which  we 
have  found  to  be  of  t  yg  Toifes,  and  5*  Foot,  6 1  Toifes 
and  X  Foot  will  be  left  lor  the  Face  GE.  The  reft  will 
be  known,  as  in  the  following  Method. 

> 

iJMr.  Blonder^  Manner  o/Fortifying. 

Mr.  Blondel  Fortifies  inwards  as  Count  Tagan  does; 

but  he  begins  by  the  Angle  diminue^  which  he 
finds  out  by  taking  a  Right-angle,  or  po  degrees  from 
the  Angle  of  the  Polygon,  and  always  adding  i  y  de^ 
grees  to  the  third  Part  of  the  remainder.  But  this 
Angle  according  to  his  Principle  may  be  found  out, 
with  lefs  difficulty,  without  knowing  the  Angle  of  the 
Polygon,  (7//.S.)  by  dividing  no  degrees  by  the  mem-^ 
her  of  the  fides  of  the  Polygon,  and  always  fublirading 
the  Quotient  from  45:  degrees  :  Or,  elfe  an  eafier  Way, 
by  taking  from  40  degrees  the  third  Part  of  the  Angle 
of  the  Center.  Thus  will  this  Angle  diminué  be  of  ly 
degrees  in  the  Square,  21  in  the  Pentagon,  ay  in  the 
Hexagon,  and  it  willincreafe  gradually  in  other  Poly¬ 
gons,  as  far  as  the  Right-line,  on  which  it  will.be  of 
4y  degrees. 

By  means  of  this  Angle  thus  found,  the  Angle  of  the  Plat 
Baftion  will  be  known  to  be  of  do  degrees  in  the  Square, 

66  in  the  Pentagon ,  70  in  the  Hexagon  ,  and  that  it 
increafes  gradually  in  ail  the  other  Polygons  as  far  as 
the  Right-line,  where  it  is  of  po  degrees. 

The  Flanking-angle  in  the  Square  is  of  ly  o  degrees, 
of  138  in  the  Pentagon,  of  130  in  the  Hexagon,  and 
decreafes  gradually  in  all  the  other  Polygons  as  far  as 
the  Right-line,  where  it  is  but  of  po  degrees. 

As  the  Author  is  perfwaded  that  the  Line  of  Defence 
ought  never  to  be  longer  than  140,  nor  fliorter  than 
120  Toifes,  in  Places  that  are  call’d  Royal;  he  has  for 
that  Reafon  T  wo  Suppofitions  which  he  calls  Manners, 
the  firff  of  which,  being  the  Great  one,  allows  zoo 
Toifes  for  the  outward  fide  in  all  the  Polygons,  which 
makes  the  Line  of  Defence  every  where  of  140,  ac¬ 
cord- 
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cording  to  his  iifiial  Way  of  Fortifying,  which  is  to 
allow  7  tenths  of  the  outward  fide  lor  the  Line  of  De¬ 
fence,  and  half  the  Tenaille  for  the  Face.  The  Second 
or  Little  one,  makes  the  outward  fide  every  where  of 
170  Toifes,  which  renders  the  Line  of  Defence  a  little 
fliorter  than  izo  Toifes:  By  thefe  Terms  he  includes 
all  that  can  be  Fortified  ;  hecaufe  to  extend  the  out¬ 
ward  fide  farther  makes  the  Defence  ufelefs,  the  Flanks 
being  too  dillant,  and  to  make  it  fhorter  than  in  his 
Little  Fortification,  leflens  the  Flank,  and  increafes 
the  number  of  the  Baftions,  and  the  Expence  to  no  pur- 
pofe. 

Fhte  24.  Tet  AB  be  the  outw’ard  fide  of  an  Hexagon.  At  its  ends 
ma.ke  the  Two  Angles  dminue^z  ABC,  BAG,  of  zy 
degrees  each,  fuch  as  they  ought  to  be  in  the  Hexagon, 
with  the  Two  Lines  of  Defence  AG,  BF,  which  will  be 
terminated  at  the  points  F^G,  by  making  each  of  them 
of  7  tenths  of  the  outward  fide  AB.  Divide  the  Te¬ 
nailles  AC,  BC,  each  into  Two  equal  Parts  at  D,E,  to 
have  the  Faces  AD,  BE,  and  draw  the  Flanks  DF,  EG, 
with  the  Curtain  FG. 

One  may  eafily  underffand  by  this  Figure,  what  the 
55*  Author  adds  to  his  Fortification  to  render  its  Defence 
extremely  good.  Firft^  he  takes  upon  the  Flanks  DF, 
EG,  the  lines  DH,  EH,  of  i  o  Toifes  each,  for  the  big- 
nels  of  each  fquare  Orillon,  and  the  reft  is  employM 
in  the  Cover’d-ftank,  which  he  takes  inwards  thefpace 
of  y  or  6  Toifes,  and  this  Retirement  is  of  ufe  to  himi 
to  make  the  Curtains  of  the  Baftions  longer  in  Polygons,, 
of  many  fides,  and  to  give  Curtains  to  thofe,  that  be-  ., 
ing  upon  a  Right-line,  have  none,  or  very  fhort  ones 
and  in  fuch  a  cafe  he  retires  his  Flanks  inwards,  as; 
much  as  zo  Tojfes  on  e^ch  fide,  that  he  may  have  a 
Curtain  more  than  zo  Toifes  long.  The  Retirade  ofi- 
the  Flank  is  meafnr  d  upon  a  Right-line,  drawn  fromi 
the  point  H  to  the  Angle  of  the  oppofite  Baftion.  He; 
makes  5  Batteries  within  the  Cafemate,  as  Count  Tagaw^ 
does,  allov/i ng  7^  Toiles  for  the  breadth  of  each  Para¬ 
pet,  and  5  for  each  Platform.  The  Plain  of  the  lowv 
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Battery  is  from  9  to  12- Foot  above  the  bottom  of  the  2 

Ditch,  that  of  the  Middle  from  18  to  24,  'and  that  of  55 

the  Highefl  Battery  from  17  to  3d,  or  level  with  the 
Rampart. 

Thefe  3  Batteries  are  terminated  towards  the  Demi- 
gorge,  upon  thejlengthen’d  Line  of  Defence,  and  towards 
the  Orillon,  upon  the  line  drawn  from  the  Angle  of  the 
oppoUte  Bafiion  thro'  the  end  of  the  fame  Orillon.  The 
Parapet  of  the  Low  Battery  is  9  or  10  Foot  high,  € 
or  7  in  the  Middle-one,  and  3  and  a  half  in  the  Higheft^ 
for  which  reafon  his  Two  firft  muft  have  Embrafures. 

As  there  is  a  great  deal  of  room  between  the  Two 
High-flanks  in  each  Baflion,  in  thofe  Spaces  the  Author 
ere6ls  Cavaliers,  whofe  Figure  you  fee,  each  fide  of 
which  will  be  able  to  hold  .12  Pieces  of  Cannon  at  leaft. 

Thefe  Cavaliers  and  Batteries  mufl:  be  made  of  the 
Earth  taken  out  of  the  great  Ditch,  whofe  breadth  is 
equal  to  the  length  of  the  Flank  DF,  or  EG,  fo  that 
the  Angle  of  theCounterfearp  is  made  about  the  Middle 
of  the  outward  fide  AB. 

The  Author  makes  a  Half  Moon,  or  Counter-Guard, 
at  the  Point  of  each  Bafl:ion>  parallel  to  its  Faces,  of 
folid  Mafbn’s-Work,  without  Earth,  and  every  where  - 
Countermin'd.  Its  breadth  if  3  or  4  Toifes  in  all  \  that 
is,  with  the  Parapet,  which  is  made  but  8  or  l  o  Foot 
broad.  This  Connter-Guard  is  ereâed*  in  the  great 
Ditch,  10  or  r*2  Toifes  off  of  the  Counterfearp,  and 
that  diflance  becomes  its  Ditch.  The  chief  ufe  of  this 
Work  is  to  hide  Irom  the  Enemy  the  Batteries  of  the 
Low-flank,  oppofite  to  it,  and  its  narrownefs  hinders 
the  Enemy  from  fetting  their  Cannon  in  it  when  they 
have  taken  it. 

/  In  a  Right-line  from  that  the  Author  adds,  over 
againft  the  Angle  of  the  Counterfearp,  a  Ravelin,  whole 
Angle  K  is  fpund  by  the  interfeftion  of  Two  Arches^ 
deferib’d  from  the  Angles  of  the  Epaule  D,E,  with  the 
Diflance  D,E,  and  whole  Faces  tend  to  the  Two  points 
I,  6  Toifes  diftant  from  the  Epaules,  and  are  bounded 
upon  die  lengthen'd  Line$  of  the  Counter- Guards. 

The 
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Plate  15.  The  Ditch  of  this  Ravelin  muft  be  lo  Toifes  broad,, 
5^5*  and  that  it  may  be  the  better  defended,  the  Aiithorr 
takes  in  the  Face  of  the  Baftion,  beyond  the  point  T„ 
a  fpace  that  may  fee  it,  which  confequently  muft  be: 
likewife  of  10  Toifes,  where  he  makes  a  low  Batteryr 
of  4  or  y  Foot,  and  another  on  the  infide,  the  fame: 
height  as  the  Parapet  of  the  Place.  The  Plain  of  this» 
Battery  is  level  with  the  Second  Battery  of  the  Flank,, 
that  is,  from  18  to  24  Foot  above  the  bottom  of  the: 
Ditch. 

This  Ravelin  not  only  covers  the  Epaules  and! 
Grillons  of  '  each  Baftion,  but  alfo  defends  the  Ditchi 
of  the  Counter- guard,  becaufe  the  Author  takes  ass 
much  of  its  Face  as  can  difeover  all  that  Ditch  to  make: 
two  Batteries  in,  a  high  one  and  a  low  one,  juft  as  he: 
does  in  the  Faces  of  the  Baftions.  He  allows  no  more: 
Terre- plain  for  the  Ravelin  then  juft  enough  for  the: 
recoiling  of  the  Cannon  of  the  Batteries,  and  leaves? 
all  the  reft  of  the  infide  empty,  the  more  eafily  to) 
countermine  the  Rampart  and  hinder  the  Enemy  fronw 
making  a  Lodgment  in  it  after  he  has  forc'd  it, 

Befides,  the  Author  adds  a  Cumtte  in  his  greatt 
Ditch,  about  7  or  8  Toifes  broad,  which  he  carries  oni 
all  round,  to  prevent  the  low  Flanks,  which  feera  eafy? 
of  accefs,  from  being  come  at.  One  might  again  make: 
a  narrower  Cunettc  in  the  Ditches  of  the  Out-works„ 
if  they  are  8  or  10  Toifes  broad,  and  èfpecially  where* 
Batteries  have  been  made  in  the  Faces  of  the  Half- 
Moons  or  Ravelins. 

That  the  Batteries  çf  the  Face  of  each  Baftion,. 
which  defend  the  Ditch  of  the  Ravelin  may  be  betteri! 
cover’d,  the  Author  adds  in  the  Angle  of  the  Counter-! 
fcarp  of  the  Ravelin  a  Lunette^  whofe  figure  is  at 
Lozenge,  allowing  20  Toifes  for  each  of  its  Sides,  ^Q, 

Remarks  upon  Mr.  BlondelV  Fortification, 

r~rn  H  O’  this  Manner  of  Fortifying  be  extremely  welll 
^  invented,  yet  it  is  too  expenfive,  as  well  forr 
the 'Conftrudion  of  the  Ditch,  which  the  Author- 
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is  obliged  to  make  very  wide  and  deep,  that  it  may 
afford  Earth  for  the  Rampart^  and  for  all  the  Bat¬ 
teries  of  the  Flanks  and  Faces  of  the  Baflions,  as  for 
the  Quantity  of  Ammunition  and  the  number  of  Gun¬ 
ners  and  Officers  of  Artillery,  which  a  Place  thus  For¬ 
tified  ought  to  have,  and  of  the  Oht- works  that  it  muli 
have  to  cover  the  Flanks,  which  arc  too  much  expos’d. 

Befides,  the  4  Batteries  of  the  Flank  are  fo  long,  and 
fo  clofe  together,  that  the  Enemy  may  fill  them  with 
Bombs  in  a  little  time,  and  having  once  broken  them 
with  his  Cannon,  they  may  fervc  him  as  fo  many  fteps 
to  mount,  in  the  Aflault.  Then  the  Cavaliers,  which 
are  between  the  two  high  Flanks  fo  fill  up  the  Baftion 
where  they  are,  that  it  is  hard  to  retrench  there  in 
time  of  need.  Several  more  faults  may  be  found  with 
this  Manner  of  Fortifying,  which  my  Profeflion  and 
the  Author’s  great  Fame  caufe  me  to  pafs  over. 

The  Calculation  of  the  Angles  and  Lines  of  a  Tolygon^ 
Fortified  according  to  Mr,  Blondefj  "Dejign, 

IF  you  allow  200  Toifes  for  the  outward  Side  AB  ,  PUu 
the  Line  of  defence  AG,  or  BF  will  be  of  140  5 

Toifes  :  and  becaufe  this  Figure  is  a  Demi-Hexagon, 
where  the  Angle  of  the  Center  is  of  60  degrees,  and 
the  Angle  of  the  Polygon  of  120,  the  Angle  diminué 
BAG,  or  ABF,  will  be  of  ay  degrees,  the  flanking- 
Angle  of  130,  and  the  Flank ’d-angle  of  70;  and  con-^ 
fequently  half  the  Flank’d-angle  FBO,  or  OAG,  of  gy. 

Thus  all  the  Angles  are  known,  except  the  Angle  of 
the  Flank  DFG,  and  the  Angle  of  the  Epaule,  which 
together  with  the  other  Lines  may  be  thus  found: 

Firft,  To  find  out  the  Face  AD,  or  BE,  the  Tenaille 
AC,  BC,  which  is  its  double,  mull:  be  found  by  this 
Analogy  in  the  Ifofceles  Triangle  ACB  : 


As  the  Sine  of  the  Angle  ACB  ^660^ 

To  its  oppojite  fide  AB  200 

So  the  Sine  of  the  Angle  ABC  42262 

To  its  oppofite  fide  AC  no 

which 


M 
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’which  we  (hall  find  to  be^of  no  Toifes,  whofe  half 
Aviil  be  ^5'  Toifes  for  the  Face  AD,  which  being  taken, 
from  the  Rafant-line  AG,  which  is  of  140  Toifes,, 
85"  Toifei  will  remain  for  the  line  DG,  from  which 
if  the  F^ce  ADj^or  the  line  CD  be  taken,  that  is,  55^ 
Toifes,  the  remainder  wiM  be  go  Toifes  for  the  Com¬ 
plement  CG,  or  CF  ;  and  the  Curtain  FG  may  be  found 
in  the  Ifofceles  Triangle  FCG,  by  this  Analogy  : 


'  As  the  Sine  of  the  Angle  FGC  4225a 

To  its  oppofite  Side  FC  go . 

So  the  Sine  of  the  Angle  FCG  >  *76504 , 

To  its  oppofite  Side  FG  5-4.2, 


which  will  be  of  5^4  Toifes  and  abolit  two  Foot,  and 
which  with  the  Side  DG,  which  we  have  found  to  be 
of  85  Toifes,  will  ferve  to  find  the  Angle  of  the  Flank 
DFG,  in  the  obliquangled  Triangle DFG,  thus: 

From  180  degrees  take  the  Angle  diminue  DGF,  or 
ly  degrees,  and  the  remainder  will  be  lyy  degrees  for 
the  Sum  of  the  two  other  Angles,  whofe  half  is  77.30.' 
Then  make  this  Analogy  : 

As  the  Sum  of  the  Sides  T>G^  FG  Sf.  0 

To  their  difference  5-4,2 

So  the  Tangent  of  half  the  Sum  of  the  Angles  451070 
To  the  Tangent  of  half  their  difference  i527gp 

which  will  be  of  58  Degrees,  and  about  26  Minutes, 
which  being  added  to  half  the  Sum  of  the  Angles,  or 
to  77  degrees,  you  will  have  i  g^.  25'.  for  the  Angle  of 
the  Flank  DFG,  to  which  adding  FGD  the  Angle  dimu  | 
nué^  or  25*  degrees,  you  will  have  the  Angle  of  the 
Epaule  ADF  of  160.26'. 

If  you  wou’d  know  the  Flank  FD,  it  mnft  be  by  this 
following  Analogy  in  the  fame  obliquangled  Triangle 
DFG  : 


Asi 
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/Is  the  Sine  of  the  Angle  DFG  ^  > 

To  its  oppojite  Side  T>G 
So  the  Sine  of  the  jtngle  FG2) 

To  its  oppofite  Side  FD 


îl| 
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whieh  will  be-of  5*1  Toifes,  and  about  2  Foot, 
v'  *To  know  the  Demi-gorge  FH,  or  GF,  we  mu  ft  fir  ft 
find  the  lengthen’d  Curtain  GH,  in  the  obliqusnglcd 


Triangle  AGH,  by  this  Anaîogÿ  :  -, 

As  the  Sine  of  the  Angle  AHG  ^  '  86602 

To  its  oppojite  Side  AG  T40 

So  the  Sine  of  the  Angle  G  AH  ’  51157^ 

To  its  oppojite  Side  GH  '  >  P2-.4 


which  will  be  of  pi  Toifes,  arid  about  4  Foot,  from 
which  taking  the  Curtain  FG,  which  we  have  found 
to  be  of  Toifes  and  x  Foot,  the  remainder  will  be 
38  Toifes  and  2/Foot  for  the  Demhgorge  FH,  or  GÎ, 
after  which  the  inward  fide  HI  will  appear  to  be  of  Q  -, 
1:4^  Toifes, ^  / 

„  VaubanT  o/Fortifying. 

Mr. Fortifies  inwards,  and  begins  by  the 
Rafant-Lines,  as  .Count  Tagan  does,  but  he  does 
not  make  his  Faces  fo  long,  nor  his  Flanks  fo  fhort^  . 
and  fo  much  expos’d  to  the  Enemy  s  Batteries  :  and  as 
they  .are  very  great,  they  fupply  the  want  of  Second 
Flanks,  which  are  not  of  fo  much  Moment,  and  may  / 
at  any  time  be  added  without  changing  the  Flanks  ot 
Curtains,  as  you  have  feen  in  our  fécond  and  third  Me¬ 
thod,  when  the  Angle  of  the  Baftion  becomes  too  obtuf^. 

Having,  as  in  Count  Fagan's  Fortification,  divided  plate  iéc 
the  outward  fide  AB,  into  two  equal  parts  at  C,  aud  %»s^0 
let  fall  from  C  the  perpendicular  CD,  equal  to  the 
eighth  part  of  AB  for  the  SqUare^  to  the  feventh  for 
the  Pentagon,  and  to  the  fixth  for  the  Hexagon,  aé 
here,  and  all  the  other  Polygons;  draw  from  the  ends 
A,  B,  thro’  the  point  D,  the  Lines  of  defence  ADHj’ 

BDG,  which  will  be  terminated  at  H,  G,  tbnâ  : 
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Plate  26.  Divide  the  outward  fide  AB  into  Seven  equal  Parts» 
5^  and  allow  two  of  them  for  the  Faces  AE,  BF,  and  make 
the  lines  EH,  FG,  each  equal  to  the  line  EF,  to  have 
the  Curtain  GH,  ^nd  the  Flanks  EG,  FH  ;  and  if  the 
like  be  done  every  where,  you  will  have  the  Mafier- 
Imc  of  the  Curtains  and  Baflions,  to  which  on  the  in- 
fide  miifi:  be  added  a  Rampart  about  12  Toifes  broad, 
wath  its  Parapet  of  3,  and  on  the  outfidea  Ditch  16  or 
18  Toites  broad  over-againfl:  the  Flank*d-angle,  and  20 
Toifes  broad  over-againfi  the  Epaulct  Not  forgetting 
a  cover’d  way  of  y  Toifes  in  breadth,  and  an  Efplanade 
of  20. 

Plate  2âf.  Por  the  Caferaates  and  Orillbns,  take  the  lines  El, 
%  54- pj^  each  equal  to  the  third  part  of  the  Flanks  EG,FG, 
and  draw  thro'  the  points  I,  from  the  oppofite  Flank’d 
Angles  A,B,  the  Revers,  or  back. part  of  the  Orillott 
10  of  f  Toifes  :  take  alfo  upon  the  lengthen’d  Lines 
of  defence  the  Enfoncement^  or  depth,  of  the  Cafe- 
mate  GP,HP,  of  s  Toifes,  then  the  concave  Flank  OP 
will  be  defcrib’d  as  we  have  taught  in  our  Method. 
As  for  the  Orillon,  it  mufl  be  delcrib’d  by  drawing 
upon  the  lines  El, FI  an  Arch,  whofe  Diameter  mult 
be  a  little  lefs  than  the  iiAe  El,  or  FI,  fo  that  its  Con¬ 
vexity  may  not  exceed  the  Line  of  Defence,  as  we 
have  alfo  taught  in  our  Method. 

The  Author  adds  a  Tenaillon^  or  reinforc  d  TenaiUe 
in  the  Ditch,  that  is,  a  TenaiUe  with  Flanks,  thus  de¬ 
fcrib’d.  TaJce  upon  the  Lines  of  defence  AH,BG,  the 
lines  EK,FK,  of  about  i  Toifes  each,  and  draw  from 
the  points  K,  lines  parallel  to  the  Flanks  EG,  FH , 
to  terminate  the  TenaiUe  ,  whofe  Faces  K  are 
.each  as  long  as  half  the  lines  KL,  and  whofe  Flanks 
QR  are  perpendicular  to  the  Lines  of  defence.  Add 
within  this  Work  a  Rampart,  which  mull  be  but  x 
Toifes  broad  towards  the  Curtain,  and  7  broad  towards 
the  Flanks  and  Faces.  As  for  the  Parapet  it  ought  to 
he  no  lefs  than  3  Toiles  broad.  As  this  Work  is  made 
for  fcarce  any  other  ufe,  than  the  defence  of  the 

Ditch, 
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Ditch,  methinks  a  Ample  Tenaille,  as  FGH,  wou"d  Plate 
fiiffice.  Fig.  94.  i 

To  Secure  the  Ditch  ftill  better,  and  oppofe  its  being  j 

pafs'd,  the  Author  adds  in  the  Ditch^  over-againft  the 
middle  of  the  Tenaille,  a  Caponicre,  or  a  double  Way, 
cover’d  with  a  Parapet,  rais’d  3  Foot  above  the  bottom 
of  the  Ditch;  it  is  about  12 Foot  broad,  perpendicular 
to  the  Curtain,  and  Palifïàdo’d  on  both  ftdes.  This 
Work  is  fo  much  the  better,  becanfe  it  commands  vvith« 
out  being  commanded,  and  isaPafl'age  for  thcMnskc- 
teers  to  go  to  the  Out-works.  Thus  there  are  4  Flanks 
for  the  defence  of  the  Ditch,  that  of  the  Place,  that  of 
the  Orillon,  and  thofe  of  the  Tenaille  and  Caponiere. 

To  deferibe  the  Half- Moon,  which  is  at  the  re-entrant 
Angle  of  the  Counterfearp,  deferibe  from  the  ends  GH^ 
of  the  Curtain,  thro’  the  Epaules  EF,  with  the  dillance 
of  Toifes,  fnppoling  the  outward  fide  of  200,  two 
Arches,  whole  interfeélion  will  give  the  point  of  the 
Ravelin  at  S,  whofe  Faces  mull  be  drawn  towards  the 
Angles  of  the  Epaules  E,  F.  This  Half-Moon  is  to 
have  on  the  infide  a  Rampart  of  10  Toifes,  with  a 
Parapet  as  ufual,  and  on  the  outfide  a  Ditch  parallel  to 
its  Faces,  and  12  Toifes  broad:  and  to  hinder  the 
palling  of  this  Ditch,  Places  of  Arms  mull:  be  made  in 
It  perpendicular  to  the  Face  of  the  Ravelin,  and  cover’d 
with  a  Parapet  three  Foot  higher  than  the  bottom  of 
the  Ditch. 

In  the  Center  of  the  faid  Ravelin  ranfl  be  made  a 
retrench’d  Corps  de  Guard^  that  is,  a  Redu^^  or  Re^ 
doubt,  whofe  Walls  miifi:  have  Battlements,  or  Meur^ 
trieres^  to  be  cover’d  and  fire  upon  the  Enemy  with 
Muskets,  and  to  retire  in,  when  one  is  prefs’d  fo  hard 
as  not  to  be  able  to  fuflain  the  Aflaiilt,  This  Raveliit 
•  is  cover’d  With  a  fort  of  Counter-guard^  or  great  Lu-- 
nette  10  or  12  Toifes  broad  towards  the  great  Ditchji 
and  25  or  30  towards  the  Ditch  of  the  Half-Moon, 
having  fiich  a  Ditch  as  the  Half-Moon  has,  in  which. 
as  well  as  in  the  Terre-plain  of  the  Half-Moon,  and 
.  its  Rampart^  when  it  has  one,  a  Traverfe  or  Parapet 
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Plate  24.  is  rais’d  5-  or  55  Foot  high,  leaving  clofe  to  thefe  Tra- 
%•  54*  verfes  a  fpace  of  2  or  g  Foot  for  Files  of  Souldiers. 

To  cover  the  Haif-Moon  the  better,  a  little  Ravelin 
or  Lunette  is  added  in  the  re-entrant  Angle  of  the 
Counterfearp  of  the  two  great  Lunettes,  having  a 
Ditch  3  Toifes  over,  and  as  deep  as  that  of  the  Half- 
Moon,  with  a  Parapet  but  no  Rampart. 

The  double  line  which  we  have  added  upon  the 
Glacis  of  the  Efplanade,  over-againft  the  Flank’d-angle 
of  the  great  Counter-guard,  reprefents  a  Cut  about  10 
Foot  wide,  made  in  the  Parapet,  and  call’d  (Sally) 
becaiife  it  is  a  Way  to  Sally  out  at,  and  receive  Succour. 
Thefe  Sorties^  or  Ways,  are  fliut  up  with  Oaken  rails. 


The  Calculation  of  the  Angles  and  Lines  of  a  Tolygon 
Fortified  after  Mr,  Vauban’j  Method^ 

Plats  16.  '’^HE  Line  ÂB,  being  the  fide  of  an  Hexagon,  the 
Fig.  $6,  i  Angie  of  the  Center  AOB  will  be  of  60  degrees, 
and  the  Angle  of  the  Polygon  of  120.  If  you  make 
the  outward  Side  ÂB  of  180  Toifes,  its  half  AC,  or 
BC,  will  be  of  90  Toifes,  and  the  perpendicular  CD  of 
30.  The  Face  AE,  or  BF,  will  be  of  y  i  Toifes  and  a- 
bout  2  Foot,  and  therefore  in  the  praftice  it  is  ufually 
fuppos’d  of  yo  Toifes,  and  we  fhall  fuppofe  it  fo  here, 
for  the  fake  of  an  even  number. 

The  Angle  diminul  GAD,  or  CBD,  will  be  of  18.26'. 
as  in  Count  Tagans  Fortification,  and  confeqiiently  the 
Flank’d- Angle  of  83.8'.,  and  the  Flanking-angle  of  143. 
8*.  The  line  AD  will  be  alfo  as  in  Count  Tagads  way 
of  94  Toifes,  and  about  y  Foot,  from  which  taking 
the  Face  AE,  or  y  o  Toifes,  the  remainder  will  be  44 
Toifes  and  five  Foot  for  the  line  DE,  or  DF,  and  one 
may  in  the  Triangle  EDF,  know  the  line  EF  by  this 
Analogy  ; 


As  the  Sine  of  the  Angle  EF^D 
To  its  oppojite  fide  DE 
So  the  Sine  of  the  Angle 
To  its  oppofitefide  EF 


31520 

44»  y» 
S999S 
8  y. 

Thus 
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Thus  the  line  EF,  or  its  equal  EH,  will  be  of  about  Sy  Plate 
Toifes,  to  which  if  you  add  50  Toifes  for  the  Face  AE,  S^- 
you  will  have  igy  Toifes  for  the  Line  of  Defence  AH, 
from  which  if  DE  be  taken,  which  has  been  found  to 
Be  of  44.  Toifes  and  y  Foot,  40  Toifes  and  i  Foot  will 
remain  for  the  Complement  DH,  or  DG,  and  in  the 
Ifofceles  Triangle  GDH, one  may  know  the  Curtain  GH, 
by  this  Analogy  : 


the  Sine  of  the  Angle  !DGH  g  i(S2o 

To  Its  oppojite fide  BH  40.  l 

So  the  Sine  of  the  Angle  GDH  S999^ 

To  its  oppojite  Jide  GH  76.  y. 


which  will  be  of  7^  Toifes,  and  about  y  Foot,  which 
one  might  alfo  have  found  without  the  knowledge  of 
the  Angles,  by  comparing  together  the  two  Similar* 
Ilbfceles  Triangles  GDH,  EDF,  ^c, 

Becaufe  EFG  is  an  Ifofceles  Triangle,  if  from  180 
degrees  the  Angle  EFG  be  taken,  which  is  equal  to 
the  diminué^  that  we  have  found  to  be  of  18.  26', 

half  the  remainder  will  be  80.  45*'.  for  the  Angle  at  the 
BafeEFG,  to  which  if  the  Angle  diminue  or  iS. 
z6\  be  added,  the  Sum  will  be  pp.  i  I'.  for  the  Angle  of 
the  Flank  EGH,  to  which  if  the  Angle  diminué  GHE, 
or  1 8,  26'.  be  once  more  added,  you  will  have  117.  ij 
for  the  Angle  of  the  Epaule  AEG. 

The  Flank  EG  is  found  in  the  Triangle  EDG,  by 
this  Analogy  : 


As  the  Sine  of  the  Angle  BCD  98700 

7 0  its  oppofite  fide  BE  44.  y. 

So  the  Sine  of  the  Angle  EBG  S999^ 

To  its  oppofite  fide  EG  17 


which  will  be  of  about  27  Toifes.  The  refl  may  be 
known,  as  has  been  taught  in  Mr.  BhndeH  Fortifi¬ 
cation. 


Hb 
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Sardi  J  Italian  Method  of  Fortifying. 

Th  O’  the  foregoing  Methods  are  the  heft,  efpeci- 
ally  the  laft  mention'd,  {v/z.)  Mr.  fauhan  Sy 
i  which,  by  reafon  of  its  plainnefs  and  eafinefs,  is  to  be 

preferr’d  to  all  that  went  before,  which  may  in  gene- 
'  ral  be  call’d  the  French  Manner  y  becaufe  their  Authors 

are  French  Men;  yet  it  is  not  well  to  be  ignorant  of 
the  other,  that  one  may  be  able  to  judge  of  them,  and 
^  make  ufe  of  them  upon  occafion,  becaufe  one  may  al- 
j  ways  find  fomething  good  in  them. 

I  Tht  Italians^  who  do  not  much  matter  making,  the 

Angle  of  the  Baflion  right  or  obtuf^  rather  choofing 
to  have  it  acute,  that  they  may  have  a  Second  Flank 
upon  the  Curtain,  have  feveral  Ways  of  Fortifying, 

I  taught  by  feveral  Authors  of  their  own  Nation,  amongfl 

!  which  I  have  chofen  Sardi^  as  thinking  his  Method 

I  better  than  that  of  the  other  Italian  Authors. 

57*  Having  fuppos’d  the  inward  Side  AB  of  8oo  Geome¬ 
trical  Paces  or  Feet,  allow  lyo  for  the  Demi-gorges  AC, 
BD,  and  as  much  for  the  Flanks  CE,  DF,  which  muft 
be  perpendicular  to  the  Curtain  CD,  whofe  eighth 
part  DI  will  be  taken  for  the  Second  Flank,  fo  that  I 
will  be  the  point  of  the  Rafant-line  IG,  which  upon 
the  lengthen’d  Radius  AO,  will  give  the  Point  of  the  Ba¬ 
flion  aiG,  and  doing  fo  all  round  will  end  the  operation. 
.Plate  ij.  For  the  CaTemates  and  Orillons ,  take  upon  the 
‘Flanks  CE,  DF,  upon  the  Demi-gorges  AC,  ÂD,  and 
upon  the  lengthen’d  Faces  HE,  HF,  the  lines  CO,  DO, 
Cr,DI,EK,FK,  each  equal  to  the  third  part  of  a  Flank, 
or  of  a  Demi-gorge,  and  draw  to  the  Flanks  CE,  DF, 
thro’  the  points  K,  I,  the  indefinite  parallels  LM,  KQ, 
lengthen  the  Flanks  CE,  DF,  towards  N,  in  fuch  man¬ 
ner  that  the  lines  CN,  DN,  be  of  ry  Foot  each,  and 
draw  thro’  the  points  N,  the  lines  MN  parallel  to  the 
Demi-gorges  AC,  AD. 

Draw  the  lines  OP  of  lo  Foot  each,  and  the  lines 
IL  of  70,  and  draw  the  right-line  LP,  and  the  line 
LM  will  be  the  beginning  of  the  low  Place,  which  will 

be 
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be  capable  of  5  Pieces  of  Cannon.  If  you  wou’d  have  pute 
a  Square  Orillon,  its  Front  KQ^  will  be  terminated  at  F/^.59. 
Q.  by  a  right-line  drawn  from  the  point  O,  thro’  the 
middle  of  the  Face  of  the  oppolite  Baflion  :  and  if  you 
woLi’d  have  it  round,  with  a  Radius  of  50  Foot,  de- 
fcribe  an  Arch  upon  the  line  KQ. 

The  Author  adds  fquare  Cavaliers  upon  the  middle 
of  the  Curtain,  whSfe  Faces  are  parallel  to  the  Parapet 
of  the  Rampart,  and  30  Foot  diftant  from  that  Parapet, 
where  he  places  7  Pieces  of  Cannon,  three  of  which 
play  upon  the  Field,  and  the  other  four  upon  the  two 
next  Baftions,  two  on  each  fide,  to  flank  fuch  Breaches 
as  the  Enemy  may  make  in  the  Face  of  thofe  Baftions, 
and  keep  him  from  giving  Affault. 

Remarks  upon  SardiV  Fortificaiion^ 

S  the  Italians  affeél  to  have  the  Angle  of  the 


Jk  Baflion  acute,  that  the  Faces  of  the  fame  fide  of 
the  Place  may  defend  one  another  with  advantage,  and 
ferve  for  Flanks,  when  their  Cafemaies  and  Flanks 
are  broken  ;  and  that  the  Second  flank  upon  the  Cur¬ 
tain  is  too  little  to  make  the  Flank’d  Angle  always 
acute;  it  Teems  that  He,  from  whom  we  have  taken 
this  Conflruflion,  has  not  well  explain^  the  Authors 
Mind. 

Therefore  to  render  this  Method  of  Fortifying  more 
perfe6l,  one  fhou’d  not  give  the  Square  or  Pentagon  any 
Second  Flanl^,  becaule  their  Angles  are  not  great 
enough  ;  But  one  might  give  one  to  the  Hexagon  and 
the  other  Polygons,  to  encreafe  according  to  the  num¬ 
ber  of  the  Baflions,  making  it  equal  to  the  8th  part  of 
the  Curtain  for  the  Hexagon,  to  the  '^rh  for  the  Hep¬ 
tagon,  to  the  6th  for  the  O6logon,  to  the’  yth  for  the 
Enneagon,  to  the  4th  for  the  Decagon,  to  the  3d  for 
the  Hendecagon,  and  to  half  for  the  Dodecagon, 


H 
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The 
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The  Calculation  of  the  Æghs  and  Lines  according  t& 

SardiV  Defign, 

“DEcaufe  this  Figure  is  a  Demi-Hexagon,  the  Angle 
57-  the  Center  AOB  will  be  of  6o  degrees,  and  the 

Angle  of  the  Figure  of  no  :  And  as  the  Flank  is  per¬ 
pendicular  to  the  Curtain,  the  Angle  of  the  Flank 
ECD,  or  CDF,  will  be  of  po  degrees.  Moreover,  the 
inward  Side  AB  having  been  fuppos^d  of  800  Paces, 
and  having  allow’d  Jso  for  each  Demi- gorge  AC,  BD, 
as  alfo  as  much  for  the  Flanks  EC,  DF,  the  Curtain  CD 
will  be  of  5:00  Paces,  and  the  Second  Flank  ID,  which 
is  the  8th  part  of  it,  of  i  Paces,  and  confc^uently 
the  Complement  Cl  of  437  J  Paces. 

By  means  of  thefe  Angies,  and  thefe  Lines  thus 
known,  you  may  eafily  find  out  the  other  Angles  and 
Lines,  and  firfl  the  Angle  diminue  CIE,  in  the  reilangu- 
lar  Triangle  ECI,  by  this  Analogy,- 

jés  the  fide  Cl  437» 

To  the  fide  CE  ijo 

So  the  whole  Sine  1 00000 

To  the  Tangent  of  the  Angle  diminué  CIE  34x8^ 

which  will  be  of  18  degrees  and  about  SS  minutes,  to 
which  if  you  add  the  Angle  of  the  Flank  of  go  de¬ 
grees,  you  will  have  loS.yy^for  the  Angle  of  the 
Épaule. CEG.  But  if  the  Paid  Angle  diminue  18.  y  y 7 
be  taken  from  half  the  Angle  of  the  Polygon,  or  60  de¬ 
grees,  the  remainder  will  for  half  the  Flank’d^ 

angle,  which  conlequenily  will  be  of  82..  10'. 

If  to  the  line  Cl,  which  is  of  437  i  Paces,  the  DemL 
gorge  AC,  or  lyo  Paces  be  added,  you  will  have  5874 
Paces  for  the  length  of  the  line  AI,  and  in  the  oblique- 
angled  Triangle  AÎG,  one  may  know  the  rafant-line  GI, 
and  the  Capital  AG,  by  the  two  following  Analogies: 

As  the  Sine  of  the  Angle  AGI 

To  its  oppofite fide  A I  5'§7  i 

So  the  Sine  of  the  Angle  G  A  /  866  oz 

'  I'o  its  oppofide  fide  G I  774 

which 
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which  wiil  be  of  about  774  Foot. 


As  the  Sine  of  the  Angle  AGI  6s^yiS 

To  its  oppofite Jide  Al 

So  the  Sine  of  the  Angie  AIG  32.419 

Toits  ûppofite  Jide  AG  ^  '  289 


which  will  be  of  about  289  Foot. 

If  to  the  Curtain  CD,  which  is  of  ^'oo  Foot,  the 
Demi-gorge  AC,  or  Foot  be  added,  the  fum  will  be  ' 
65^0  Foot  for  the  lengthen'd  Curtain  AD,  which  will 
be  a  means  to  find  out  the  length  of  the  fichant  Line 
DG,  finding  firft  the  Angle  ADG  by  this  Analogy  : 


As  the  fum  of  the  two  fide  s  AT)>^  AG  939 

To  their  difference  ^6t 

So  the  Tangent  of  a  quarter  of  the  An^e  of  the 

^Polygon  T7735 

To  another  Tangent 


to  which  II  degrees,  and  about  minutes  anfwer  in 
the  Tables,  which  being  taken  from  a  quarter  of  the 
Angle  of  the  Polygon,  or  30  degrees,  the  remainder 
will  be  17*29*.  for  the  Angle  ADG,  by  means  of  which 
one  may  know  the  fichant  Line  DG,  by  this  following 
Analogy,  in  the  Triangle  AGD  : 


As  the  Sine  of  the  Angle  ADG  300  4? 

To  its  oppofite  fide  AG  289 

So  the  Sine  of  the  Angle  GAD  86602 

T 0  its  *oppojite  fide  GD  833 


which  will  be  of  about  83  3  Geometrical  Paces. 


The  Chevalier  de  Ville  j  French  Method  of  Fortifying. 


The  Chevalier  de  Vide  makes  his  Flanks  perpen- 

dicular  to  the  Curtain,  and  equal  to  the  Demi-  ^ 
gorges,  as  Sardi  does,  but  lefs,  {vizi)  the  Sixth  part 
pnly  of  the  inward  fide,  and  in  the  Square  and  Penta¬ 
gon,  he  determines  the  Flank'd-angle  by  a  Rafant-Mne, 
but  in  the  other  Polygons  he  makes  it  a  right-one,  by 

means 


ïS2  A  Trêâtife  af  Fortification  «  ^  Part  îll. 

Bhtê  <>f  ^  Semi-circle  defcrib'd  upon  a  right4ine^ 

Fig.  5i.  which  joyns  the  two  Epaules  of  a  Baftion,  as  you  bave 
feen  in  our  Second  Method^  and  then  there  is  a  Second. 
Flank  ID  upon  the  Curtain  CD,  which  will  increafe 
as  the  number  of  the  fides  of  the  Polygon  does  The 
length  of  the  Capital  âG,  is  in  fuch  a  cafe  found  equal 
to  the  Gorge-line  CK,  which  gives  an  eafier  Method  toi 
^  find  the  Points  G>H,  of  the  Baftion. 

Plate  27.  As  for  the  Cafernates  and  Grillons,  take  upon  the' 
Fig.  6®.  Flanks  CE,DF,  and  upon  the  lengthen'd  Faces  HEj.HF> 

”  the  lines  CI,DI,EK,FK,  each  equal  to  a  third  part  of' 
.the  Flank,  or  of  the  Derai-gorge,  and  draw  thro'  the: 
points  K,  to  the  Flanks  CE,  DF,  the  parallel  lines  KL,> 
which  will  be  terminated  at  by  a  right-line  drawn, 
from  I  to  the  Angle  of  the  oppofite  BalHon,  and  this, 
line  KL  will  be  the  Front  of  the  Grillon,  when  it  is, 
made  fquare,  but  if  you  wouM  have  it  round,  from  K, 
and  L,  with  the  diftance  KL,  deferibe  two  Arches 
which  here  interfeâ  at  M,  and  from  that  point  M  thro’' 
the  fame  points  KL,  deferibe  the  Arch  KGL,  whofe 
middle  point  G  will  be  the  Center  of  the  Grillon. 

Memarh  upon  the  Fortification  of  the  Chevalier  de  Ville^ 

AS  the  Flanks  and  Denihgorges  are  but  the  Sixth 
part  of  the  inward  fide,  that  makes  the  Curtains . 
too  long,  and  theBaflions  too  little,  and  uncapable  of 
Retrenchments.  Wherefore  the  Author  increafes  his 
Faces  to  make  his  cover’d  Flanks,  which  I  think  alfo 
too  little,  as  having  fcarce  room  in  them  to  make  a 
tolerable  Battery.  The  Second  Flank  upon  the  Cur¬ 
tain  becomes  fo  great  in  great  Polygons,  that  it  is  hard  1 
to  have-the  Ditch  defended  by  the  whole  Flank,  tin-  ' 
lefs  it  be  made  very  wide  before  the  Curtains,  which 
renders  the  Expcnce  exceffive. 

The  Calculation  of  the  Angles  and  Lines according  to  the 
Chevalier  de  Ville’j  Dejign. 

Plate  26.  T^Ecanfe  this  Figure  is  a  Demi  Hexagon,  the  Angle 
Fg,  -Lr  tEe  Center  AOB  will  be  of  60  degrees,  and  the 

Angle 
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Angle  of  the  Polygon  of  120:  and  becaufe  the  Flank  26. 
is  here  perpendicular  to  the  Curtain,  the  Angle  of  the  S8- 
Flank  ECD  will  be  of  po  degrees,  and  confequently 
half  the  Flank’d 
diminui  AiG  o  t 
of  10  y  degrees. 

Making  the  inward  fide  AB  of  120  Toiles,  the  Demî- 
gorge  AC,  and  the  Flank  CE  will  be  of  20  Toifes  each, 
and  coolequently  the  Curtain  CD  of  80  Toifes,  and 
the  lengthen’d  Curtain  AD  of  100.  The  Angles  of 
the  Ifofcelcs  Triangle  AKCare  alfo  known,  for  il  from 
î8o  degrees  be  taken  the  Angle  KAC  of  110  degrees, 
half  ot  the  Remainder  will  be  30  degrees,  for  each  of 
the  two  Angles  at  the  Bafe  K,C,  which  is  atways  equal 
to  half  of  the  Angle  of  the  Center  AOB.  Thus  one 
may  find  in  the  Triangle  AKC,  the  Gorge-line  CK,  or 
the  Capital  AG,  by  this  Analogy,  which  our  Author 
feems  to  have  been  ignorant  of  : 

As  the  Sine  of  half  the  Angle  of  the  Center  50000 
To  the  Flank  of  the  Bajiion  20 

So  the  Sine  of  the  Angle  of  the  Center  86602 
To  the  Capital  AG  34-4‘ 

which  will  be  of  34  Toifes,  and  about  4  Foot. 

You  may  find  the  Rafant-Jine  GI,  in  the  obliquangled 
Triangle  AIG,  by  this  Analogy  ; 

As  the  Sine  of  the  Angle  diminue  AIG  25  882 

To  the  Capital  AG  34.4 

So  the  Sine  of  half  the  Angle  of  the  Polygon  OAB  86602 
To  the  Raf ant  dine  G I  1 16.4.  ' 

of  1 16  Toifes,  and  about  4  Foot. 

In  the  fame  obliquangled  Triangle  AIG  may  be  found 
the  line  AÎ,  by  the  following  Analogy  : 


As  the  Sine  of  the  Angle  diminue  AI G  2  y  8  2 

To  the  Capital  AÇ  34.4 

So  the  Sine  of  half  the  FlmFd- Angle  AGI  707 1 1 
To  the  Lins  AI  .  /  94-4 

which 


-angle  AGI  of  4 y  degrees,  the  Angle 
ly,  and  the  Angle  of  the  Epaule  CEG 
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which  will  be  of  94Toifes,  and  about  4  Foot,  from 
5S.  taking  the  Dcmi-gorge  AC  of  ^o  Toifes,  74, 

Toifes  and  4  Foot  will  remain  for  the  Complement  Cl, 
which  being  taken  from  the  Curtain  CD,  or  from  80 
Toifes,  the  remainder  will  be  5^  Toifes  and  i  Foot  for' 
the  Second  Flank  ID,  which  may  be  alfo  found,  by 
finding  the  Complement  Cl  in  the  rectangular  Tri¬ 
angle  ECI  independently  from  the  Capital  AG,  which 
will  prove  that  Capital  to  be  equal  to  the  Gorge-line, 
whofe  Geometrical  demonftration  is  very  eafy. 


the  whole  Sine  1 00 boa 

To  the  Tangent  of  the  Angle  CEI  171'^^  f 

So  the  Flank  EC  20 

To  the  Complement  Cl  74.4. 


which  will  be  of  74  Toifes,  and  4  Foot  as  before, 

How  to  Fortify  the  Dutch  fFay^  after  the  Method  of^ 

Marolois. 

i* *^^^2S."DEfore  Marolois  begins  his  Fortification,  he  finds 
the  Aperture  of  the  Flank’d-angle,  by  adding  ly 
degrees  to  half  the  Angle  of  the  Polygon,  whence  it 
happens,  that  the  Flank'd-angle  is  of  éo  degrees  in  th«t 
^uare,  69  in  the  Pentagon,  7 y  in  the  Hexagon.^  79.17'. 
in  the  Heptagon  :  and  as  it  becomes  obtufe  after  the 
Dodecagon,  by  this  continual  addition  of  ly  degrees, 
he  only  makes  it  right,  or  of  ço  degrees  in  the  Do¬ 
decagon,  and  in  all  the  other  following  Polygons. 

He  allows  g6  '’‘Rods,  or  72  Toifes  for  the  Curtain  1 
Ilv  iind  ^4  Rods,  or  48  Toifes  for  the  Face  of  the  Ba-  ' 
fiioii  AF,  or  BL  ;  fo  that  the  Curtain  is  in  a  Sefqrn^ 
altérai  Ratio  to  the  Face,  that  is,  as  3  to  2.  Laflly,  he 
makes  the  Flank-forming-angle  FMI,  of  40  degrees, 
when  be  wou’d  only  have  a  fingle  Flank,  that  the 
Demi-gorge  IM  may  be  to  the  Flank  IF,  as  about  6  to 
y  :  But  when  he  wou’d  have  a  cover’d  Flank,’  he  makes 


‘^Tkefamc  Mi^afwre  âs  kefore-mentirntdin  Mr.BontbclIeV  Fortification. 

the 
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;  the  Flank.forming-angle  FMI  of  3^  degrees  only, 

;  then  the  Demi-gorge  IM  is  to  the  Fknk  IF,  as  about %.  Cu 
!  7  to  y. 

Î  Let  AB  be  the  outward  fide,  which  is  indefinite  to- 
j  wards  B.  At  A  make  the  Angle  BAG  equal  to  half  the 
!  Angle  of  the  Polygon,  and  having  divided  it  into  two 
i  equal  parts  by  the  line  AP,  at  the  point  A,  with  this  ^ 
line  AP  make  the  Angle  PAE  of  7.  30’.  by  the  Rafant- 
!  line  AE,  upon  which  the  Face  AF  of  3  c  Toifes  inufi: 
i  be  taken  to  have  the  Epaule  at  F,  from  which  point  . 
the  indefinite  perpendicular  GI  muli  be  drawn  upon 
the  outward  fide  AB,  which  will  be  terminated  at  I, 
making  at  the  point  F,  with  the  line  FI,  the  Angle 
FIM  of  yo  degrees,  and  drawing  thro^  the  point  M, 
where  the  line  FM  meets  the  Radius  AC,  the  indefinite 
line  MN  parallel  to  the  outward  fide  AB,  which  will 
be  the  inward  fide  of  the  Polygon,  when  it  is  termi« 
nated  at  N,  which  will  be  done  thus  : 

Having  made  the  Curtain  IK  of  72  Toifes,  and  the 
line  GH  as  long,  joyn  KH,  to  take  upon  it  the  Flank 
KL  equal  to  the  Flank  IF,  and  having  made  the  Demi- 
gorge  KN  equal  to  the  Demi-gorge  ÎM,  and  HB,  equal 
to  AG,  draw  the  Face  BL,  and  the  Capital  BN,  which 
being  lengthen’d,  will  meet  the  Capital  AM  alfo  length¬ 
en’d,  in  a  point  which  will  be  the  Center  of  the  Place. 

The  refl  is  eafily  ended. 


Remarks  upon  the  Dutch  Fortification, 

THis  Way  of  Fortifying  teaches  us  an  eafy  Method 
of  working  upon  the  Ground,  where  one  cannot  de- 
feribe  a  regular  Polygon  by  means  of  a  Circle  -,  for  one 
may  draw  fuch  a  Polygon  upon  the  Ground,  with  the 
Mafter-line  of  the  Curtains  and  Bafiions,  making  firfi 
upon  the  Ground  the  Angle  of  the  Polygon,  equal  to 
that  which  is  deferib’d  upon  Paper,  and  by  ending  the 
reft,  as  has  been  juft  taught. 

There  are  other  kinds  of  Dutch  Fortifications, 
which  we  ftiall  not  here  fpeak  of,  becaufe  they  are  not 
worth  it;  for  tho’ feyerai  have  believ’d  the  Dutch 

For- 


Plate  28 
Fig.6î 
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Fortification  to  be  the  bed ,  becaufe  the  War  hass 
lafted  fo  long  in  that  Country,  which  muft  have  made: 
them  Skilful  in  that  Art,  by  long  Experience,  and  thatt 
to  refill  a  great  Prince,  they  have  endeavour’d  to  excell 
other  Nations  in  it  ;  yet  the  fame  Experience  has? 
Ihown  in  the  Wars  of  1671,  167g,  that  moll  off 
their  bell  Places  have  been  taken  in  3  Weeks,  and! 
woifd  have  been  taken  much  fooner,  but  for  the  Num-- 
her  of  their  put-Works,  which  fince  that  time  has. 
much  lellen’d  the  reputation  of  their  Strength,  and! 
has  render’d  defpicable  the  way  that  they  are  Fortified,, 
efpecially  becaufe  they  have  no  Cafemates,  or  very 
fmall  ones. 

As  in  all  their  Methods  they  have  alFeâed  to  have  a 
fécond  Flank  upon  the  Curtain,  and  that  the  Counter- 
fcarp  has  been  made  parallel  to  the  Faces  of  the  Ba- 
ftions,  this  conliderable  fault  happens,  (v/z.)  that  the 
Flank,  which  is  the  chief  defending  Part,  doeS  notdif- 
cover  all  the  Ditch,  becaufe  the  Counterfcarp  being  pa¬ 
rallel  to  the  Face  of  the  Eaftion,  when  there  is  a  Second 
Flank,  the  lengthning  of  the  outward  fide  of  the  Ditch 
wou’d  often  meet  the  Curtain,  whereas  it  ought  to  end 
at  the  Angle  of  the  Epaule,  whence  the  Enemies  may 
be  lodg’d  in  the  Ditch  without  fear  of  Flank’d- Ihot, 
becaule  the  Counterfcarp  covers  them  againll  the 
Flank,  and  that  being  only  feea  of  the  Second  flank 
which  is  quickly  ruin’d,  the  entrance  of  the  Ditch  is 
made  eafy  to  the  Beliegers. 

Calculation  of  the  Angles  and  Lines  of  a  ToJygon^ 
Fortified  according  to  Marolois’r  Method, 

T~^HE  outward  fide  AB  belonging  here  to  an  Hex- 
agon,  the  Angle  of  the  Center  will  be  of  60  de¬ 
grees,  and  the  Angle  of  the  Polygon  of  120,  and  con- 
lequently  CAB  half  of  the  Angle  of  the  Polygon  of 
60,  and  half  the  Flank’d-angle  CAE  of  37.30. 
which  being  taken  fromCAxB,  half  the  Angle  of  the 
Polygon,  or  60  degrees,  22.  3Q'.  wiU  remain  for  the 
A  ngie  diminui  E  AB. 

Be- 
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Becaiife  the  Angle  of  the  Flank  FIK  is  a  right  one, 
or  of  90  degrees,  if  to  thefê  po  degrees  FEI  the  Angle 
diminué,  or  22.  go\  be  added,  their  fnm  112.  30'.  will 
be  the  Angle  of  the  Epaule  AFI,  from  which  if  IFM  be 
taken,  which  is  an  Angle  of  50  degrees,  62.  30'.  will 
remain  for  the  Angle  AFM,  wherefore  the  Angle 
AFM,  will  be  precifely  of  %o  degrees.  Thus  are  all 
the  Angles  known. 

There  are  but  two  lines  known,  (viz.)  the  Face 
AF  of  48  Toifes,  and  the  Curtain  IK  of  72,  by  means 
of  which  and  of  the  known  Angles,  the  other  lines 
may  be  known,  and  firfl  the  Capital  AM,  and  the  line 
MF,  by  the  two  following  Analogies  in  the  oblique- 
angled  Triangle  AMF: 

yfi  the  Sine  of  the  Angle  AMF 
To  the  Face  AF  ^ 

So  the  Sine  of  the  Angle  AFM 
To  the  Capital  AM 

which  will  be  of  43  Toifes,  and  about  i  Foot. 


As  the  Sine  of  the  Angle  AMF  98480 

To  its  oppofite  fide  A  F  '  48 

So  the  Sine  of  the  Angle  FA  M  6087^ 

•  To  its  oppofite  fde  FM  29.4 


of  29  Toifes,  and  about  4  Foot,  which  will  be  of  life 
to  ns  in  finding  out  the  Flank  IF,  and  the  Demi-gorge 
MI,  by  the  two  following  Analogies  in  the  reâangnlaf 
Triangle  MIF  : 

As  the  vohok  Sine  i  o  o  o  o  o 

To  4 he  line  FM  29,  4 

So  the  Sine  of  the  V lank -formings angle  IMF  64279 
^  To  the  Flank  IF  ^9 

which  will  be  of  about  19  Toifes. 

.  As  the  whole  Sine 
To  the  line  MF 

So  the  Sine  of  the  Angle  IFM  > 

To  the  Demi-gorge  MI  ^ 
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Plate  ig.  wîlich  x^îll  be  of  Toifesj  and  about  4  Foot>  whofe. . 

F/^.6re  double,*  or  4^  Toifes,  and  %  Foot,  being  added  to 
the  Curtain  IK,  which  is  of  72  Toifes,  the  fura  willi 
be  1 17  Toifes,  and  x  Foot,  for  the  inward  fide  MR 
~  To  find  the  outward  fide  AB,  the  line  AG  mull  firfli 
be  found  in  the  Triangle  A6F  reflangular  at  G,  by» 
this  Analogy  : 

.  ’  ^  j 

jis  the  whole  Si  fie  1 00  o  o  o  ; 

To  the  Sine  of  the  Angle  AFG  ^,23  8811 

So  the  Face  AF  4811 

To  the  line  AG  44.  x.  » 


which  will  be  of  44  Toifes,  and  about  two  Foot|, 
whofe  double, or  .88  Toifes  and  4  Foot,  being  added  to» 
the  line  GH,  which  is  of  •72  Toifes,  the  Sum  will  be: 
160  Toifes  and  4  Foot  for  the  outward  fide  AB. 

To  know  the  Second-flank  EK,  the  Complement  E II 
muft  be  firfl:  known,  by  the  following  Analogy,  in  the: 


reflangular  Triangle  ÉIF: 

As  the  whole  Sine  ^  1 0  o  0  o  0  • 

To  the  Tangent  of  the  Angle  EF I  24141 1  : 

So  the  Flank  IF  19; 

To  the  Complement  ÎE  45’*  5’ 


of  4y  Toifes,  and  about  y  Foot,  and  which  being  taken  i 
from  the  Curtain  IK,  or  from  71  Toifes,  the  remainder  • 
will  be  26  Toifes  and  i  Foot  for  the  Second-flank  EK,> 
or  10, 


Of  the  Spanifh  Fortification. 

Plate  in.  T^HE  Spaniards  j  who  like  obtufe  FlankM-ahgles, , 
Pig.  62  negleâ:  a  Seconiflank  upon  the  Curtain,  always  i 
making  their  Fortification  with  a  Rafant  Defence,  that 
is,  never  having  any  fichant  Line  of  Defence,  not 
minding  whether  the  Angle  of  the  Baftion  be  right, , 
acute,  orobtuft.  Their  Manner  of  Fortifying,  except 
the  Second-flanks,  and  the  Flank'd-angle  being  right, 
is  the  fame  with  that  of  the  Chevalier  de  Vitte.^  which 
for  that  reafon  has  been  call'd  the  Compos'd  23raught^ 


Of  Irregular  Fortification^  is^9 

t)ecaufe  it  is  compounded  of  the  Italian  and  Spamjh, 

The  Demi-gorges  AC,  BD,  and  the  perpendicular 
Flanks  CE,  DF,  mufl  be  the  Sixth  part  of  the  inward 
lide  AB,  then  the  Point  of  the  Baftion  is  found  by  a 
rafant-line  of  Defence. 

I  fliall  not  explain  this  Manner  of  Fortifying  any 
more,  becaufe  it  is  eafy  to  nnderftand  by  what  has  al¬ 
ready  been  faid,  and  by  this  Figure,  which  reprefents 
a  Demi-Hexagonj  where  the  Angle  of  the  Baftion  be^ 
gins  to  be  obtufe,  and  continues  to  be  fo  more  and  more, 
as  the  Polygons  incrcafe.  As  the  Spaniards  have  no 
Fortification  within  Harquebufe  or  Fuzil-fliot,  and  that 
the  leaft  is  only  within  Musket-fhot,  (viz,)  i  lo  Toifes, 
according  to  that  meafnre  the  length  of  the  Demi- 
gorges,  Flanks,  and  Curtains  muft  be  taken,  fuppofing 
the  inward  fide  AB  of  no,  to  compute  all  the  other 
Lines  and  Angles  according  to  that  Suppofitibn,  which 
•  will  be  eafily  done  in  imitation  of  the  former  Gah 
culations. 

Of  the  Reinfored  Order, 

*  '  "I 

TO  leflen  the  Number  of  Baftions,  Vhich  y/oii’d 
requifite  in  a  îarg^Cdmpafâ,  if  we  woifd  make 
the  geat  Line  of  Defence  within  Musket-lhot,  a  way 
has  been  invented  to  Fortify  a  long  Side,  ufualjy  hip¬ 
pos 'd  of  i6o  Toifes,  by  a  Curtain  retir’d  inwards,  that 
the  little  Line  of  Defence  might  be  within  Musfcet- 
Ihot,  as  HL  :  and  this  Manner  of  Fortifying  has  been 
call’d  Ordre  Renforce (Reinforc’d  Order  )  concerning  ^ 
which  feveral  Italian  and  Spanifj  Authors  have  wrote 
large  Treatifes  :  but  without  taking  any  notice  of 
what  they  have  faid,  I  (hall  only  explain  it  in  a  few 
Words,  as  I  found  it  at  the  End  of  Father  Bourdin  % 
Fortification. 

Divide  the  inward  fide  AB  into  eight  equal  parts,  arrdl 
allow  one  for  each  of  the  Demi-gorges  AC,  BD,  and  the 
fame  to  each  of  the  Flanks  CG,  DG,  which  muft  be 
J)erpendicular  to  the  inward  fide  AB.  Make  each  or 
the  Curtains  CE>  PF,  of  two  of  thofe  parts,  and  the 

Î  retir’cl 
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retir’d  Flanks  EH,  FÎ,  which  mufl:  alfo  be  perperid^- 
culai*  to  the  inward  fide  AB,  of  one  o{  them  a-piece* 
Laftiy,  draw  the  retir'd  Curtain  HI,  and  draw  from 
H  thro’  Fj  the  line  HL,  which  paffing  thro’  G,  the  end 
of  the  Flank  DG  will  meet  the  lengthen’d  Radius  OB  at 
Lj  which  will  be  the  Point  of  the  Baflion. 

Soppofing  the  inward  fide  AB  of  160  Toifes,  each 
Flank  and  Demi-gorge  will  be  of  lo  Toifes,  and  each 
Cortain  of  40  :  and  to  know  the  length  of  the  little 
Line  of  Defence  HL,  the  Aperture  of  the  Angle 
mimé  IHF,  or  DFG  muO:  be  found,  whofe  Tangent  is 
equa!  to  the  Sine  yoooo  of  an  Arch  of  go  degrees.  If 
then  that  Sine  be  found  in  the  Tables  of  the  Tangents, 
26  degrees  and  about  54  minutes  will  anfwer  to  it  for 
the  quantity  of  the  Angie  diminué  BFL,  which  being 
taken  from  the  Angles  ABO,  which  in  the  Hexagon  is 
of  iSo  degrees,  the  remainder  will  be  g  g.  i6'.  for  BLF 
half  of  the  fiank’d-angle ,  and  in  the  obliquangled  ’ 
Triangle  FBL,  you  may  know  the  line  FL  by  this 
Analogy  : 


the  Sine  of  the  jingle  BLF 
To  its  oppojite  fide  BF  ^ 

So  the  Sine  of  the  jingle  FpL 
To  its  oppofite  fide  FL 


60 
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which  will  be  of  94  Toifcs,  and  about  z  Foot, 

The  line  HF  will  be  found  by  the  following  Analogy, 
in  the  redangular  Triangle  HIF  : 


jis  the  whole  Sine  100000  ‘ 

To  the  Secant  of  the  Angle  diminué  THF  111804  ' 

So  the  Cur  fain  HI  40 

To  the  line  HF  •  44- 4  • 

of  44  Toifes,  and  about  4  Foot,  to  which  if  94  Toifes 
and  z  Foot  be  added,  which  is  the  line  FL,  the  Sum  ' 
will  be  139  Toifes  for  the  Rafant-line  HL. 
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Irregular  Fortification. 

Î"W  Aving  taught  ,  how  to  Fortify  Regular  Places^ 
it  naturally  follows  to  fhew  how  to  Fortify 
Irregular  ones  ;  I  mean  the  molt  common,  be- 
caufe  the  opportunity  of  building  new  Places 
in  a  free  ,|^ece  of  Ground  very  rare,  and  there  is 
.  oftner  occ^on  to  Fortify  the  old  ones,  which  are  al- 
inoll:  all  irregular. 

To  Fortify  an  Irregular  Place,  and  give  it  a  good 
Defence,  we  muflbe  aflilled  by  Regular  Fortification/ 
which  will  be  a  Rule  and  Foundation  for  the  Irre¬ 
gular  ;  and  afways  have  in  Mind  the  general  Maxims/ 
which  we  have  expiaia'd  in  the  beginning  of  this  Trea- 
tife,  and  efpeciaily  that  which  teaches  us,  that. the 
great  Line  of  Defence  ought  not  to  exceed  the  fartheft 
reach  of  Musket-fhot,  that  is,  lyo  Toifes  at  mofl. 

Irregular  Places  mull  be  render'd  as  regular  as  may 
be,  keeping  almoft  the  fame  Compafs  of  Ground,  as 
has  been  alfo  taught  at  the  beginning  of  this  Treatife  : 
and  if  that  can’t  be  done,  by  reafon  of  their  being  en-^ 
compafs'd  with  Precipices,  Rivers,  Hills,  or  Moun¬ 
tains,  as  it  fometimes  happens  in  Towns  built  near  the 
Sea  upon  firm  Ground,  in  {Hands,  or  upon  the  fide  of 
a  Mountain,  with  great  or  little  Walls  Moated  round, 
or  without  Out-Works,  and  Fortified  wdth  round  or 
fquare  Towers  ;  the  following  Rules  mull  be  obfcrv'd, 
to  make  their  Fortification  complcat, 

I  ^  •  How 
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How  îo  Fortify  outwards  an  Irregular  Tlace^  that  has 
all  its  Angles  and  Sides  Regular. 

WE  call  Regular  Angles^  Saliant  Angles  which  are 
not  acute,  that  is,  which  are  right  or  obtufe  ; 
acute  Angles  being  reckon'd  Irregular^  becaufe  they 
cannot  be  Fortified  by  the  Rules  of  regular  Fortifica¬ 
tion  :  and  Regular  (ides  fuch  as  are  not  longer  than  lyo 
Toifes,  which  is  the  utmofl:  extent  of  Musket-fhot,  as 
we  have  faid  elfe-where,  which  makes  the  great  Line  of 
Defence  not  to  exceed  that  length,  and  alfo  fuch  as  arc 
not  fliorter  than  loo  Toifes,  which  will  not  make  the 
great  Line  of  Defente  too  fhort  ;  reckoning  thofe  fides 
Irregular^  which  exceed  lyo  Toifes,  becaufe  the  Ba¬ 
illons  ereéled  at  their  Ends  are  too  diflant  to  defend 
each  other:  and  alfo  fuch  as  arc  fhorter  than  of  loo 
Toifes,  becaufe  their  Line  of  Defence  is  too  fhort;  for 
Cnee  Muskets  fhoot  no  Toifes  and  farther vigoroufly, 
it  is  ufelefs  to  make  the  Baflions  any  nearer  ;  and  even  • 
hurtful  to  make  them  fo  near  together,  becaufe  two 
Battions  cannot  Flank  one  another  when  they  are  too 
near,  by  reafon  of  the  difficulty  of  fhooting  downwards 
at  a  little dittance. 

All  the  foregoing  Methods  may  be  of  ufe  in  Fortify¬ 
ing  fuch  an  irregular  Plan  ;  but  here  we  ffialJ  only  make 
aife  of  our  Second  Method,  where  the  Flanks  are  not 
fo  great  as  in  the  Firft,  which  might  render  fome  ' 
Irregular  pajlions  deform’d,  that  is,  fuch  Battions, 
whole  Flanks,  and  whofe  Faces  are  not  equal  to  one 
'another,  and  other  Battions  too  little,  which  wou'd  i 
make  us  deviate  from  the  Maxim  which  orders  the  i 
ftrength  to  be  equally  dittributed,  that  is,  that  a  Place 
mutt  be  every  where  equally  Fortified,  becaufe  when 
it  is  equally  ftrong,  the  Enemy  has  no  reafon  to  attack 
it  in  one  place  fooner  than  another:  yet  the  inequality 
pf  the  Battions  is  not  much  to  be  minded,  if  it  is  not 
very  great  ;  for  the  Beauty  of  their  Equality  is  only 
feen  upon  Paper,  but  not  from  the  Field,  where  you 
cannot  at  one  time  difçQver  all  the  parts  of  a  Place. 

The 
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The  Firjl  Manner^ 

LE  T  the  irregular  Hexagon  ABCDEF,  whofc  An-  Phte  2^ 
gles  as  well  as  Sides  are  regular,  be  of  as  many  ^4i 

Toifes  of  a  fide,  as  you  fee  mark’d  in  the  Figure.  I 

Firft,  becaufe  this  irregular  Plan  is  almoft  regular,  be* 
ing  only  too  long  for  its  breadth,  and  that  but  a  little,  i 

you  may  cafily  Fortify  it,  finding  the  Center  by  ap-  1 

proximation,  as  at  O,  which  is  that  of  a  Circle,  whole 
circumference  pafles  thro’  AC,  E,  the  three  mod  diftant 
points.  Draw  from  that  Center  O,  right  linc$  to  all 
the  Angles  of  the  Polygon,  which  you  mufl:  look  upoa 
as  the  Radii  of  a  regular  Polygon,  and  Meafure  all  the  | 
Angles  of  the  Center,  to  know  what  regular  Polygons 
they  belong  to,  or  which  they  come  neareff  to,  that  j 

you  may  Fortify  the  fides  oppofite  to  them  agreeably  to,  j 

fuch  Polygons.  ^ 

Having  thus  found  the  Angle  of  the  Center  AOB  to  i 
be  of  about  degrees,  which  is  pretty  near  that  of  j 
an  Heptagon,  as  will  appear  if  you  divide  3^0  by  y  t,  | 

Fortify  its  oppofite  fide  AB,  as  in  the  Heptagon,  with-  j 
out  changing  any  thing,  becaufe  that  fide  is  exaélly  of 
120  Toifes  ;  that  is,  make  the  Demi-gorges  AG,  BG,  of 
2,7  Toifts  each,  and  the  Flanks  GH,  which  mutt  be 
drawn  from  the  Center  O,  of  14  Toifes  each. 

Likewile  knowing  that  the  Angle  of  the  Center 
AOF  being  of  77  degrees,  comes  pretty  near  to  that  of 
a  Pentagon,  the  fide  AF  mutt  be  Fortified  as  in  the  ! 

Pentagon,  fo  that  the  Demi-gorge  AI  flioifd  be  of  | 

Toifes,  and  tlie  Flank  IK  of  2.0,  if  the  fide  AF  was  of  i 

no,  but  as  it  is  longer,  (viz.)  of  130  Toifes,  the  | 

Dcmi-gb'rges  and  Flanks  mutt  be  made  proportionably  , 
greater,  which  ypu  may  do  by  the  Rule  of  Three  di-  I 

reft,  faying,  if  no  gives  ay  for  the  Demi-gorge,  what 
will  130  give  ?  and  the  Quotient  will  be  27  Toifes  for 
each  Demfgorge,  Al,  or  FI:  and  likewife no  ;  I 

ao  for  the  Flank  :  :  130 :  and  the  Anfwer  will  he  about  jl 

for  each  of  the  Flanks  IK.  l|j 

After  the  fame  Method,  mult  the  other  Flanks  and  I 

I  3  Demi'  I 
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Demi-gorges  he  determin’d  upon  the  other  fides  ;  then 
the  Angles  of  the  Baffiohs  muft  be  found  by  the  inter- 
feéïioil  of  Rararit-lmesj  and  the  whole  Polygon  will  be 
well  defeiided,  if  it  happens  at  any  time  that  the 
Flank*d-angle  is  ptofe?  at  it  may  be  made  right 
if  jpir^ill,  by  tncàhè  of  a  Semi-circle  defcrib’d  upon 
the  line  which'  foyha  the  Epaules,  dividing  that  Semi¬ 
circle  Into  two  eqiraf  parts  to  have  equal  Faces^  which 
cariaf)t  'ali^ays  be,  becaitfe  it  may  happen  that  the  de¬ 
fence  Is  \vantihgHrf;cme^fi  \Vhich  ybu  may  know  to 
he  ioj  when  the Fac^Wf  hé  Bahion  being  lengthen’d, 
inflead  of  mêetihg  the  Curtain  will  ctit  the  Flank  and 
Demi-gorge  ;  in  luth  a  cafe,  inflead  of  having  the  Point 
of  the  Baftion  fn  the  middltr  of^  the  Semi  circle,  voii 
îinifl:  have  it  in  th^f  part  of  thé  Semi-circle  which  is 
cut  by  the  Râfaht-rihc,  drawnfrom  that  fide  where  the 
defence  is  wanting..  ..  .  ^  ^  ^  f  ^ 

As  a  Flank  is  of  Very  little  ufe,  when  it  is  Icfs  than 
of  2p  Toiles,  ari^‘  that  by  our  Method  it  'may  become 
fiicli  a  one,  nam^lÿ,  when  the  Angle  of  the  Center  is 
great,  and  its  oppofite  fide  little,^  it  will  be  better  in 
fucha  cafe  to  màkè'it  of  lo  Toifcs,  linlefs  that  renders 
the  Angle  of  thë  Baftion  too  acittec  for  tho’  we  diave 
efbblifh’d  a  MethoB  of  Fortifying,  it  is  not  neceflary 
to  adhere  too  fir iâf y  to  it,  as  a  mighty  Myflery  ;  for 
to  Fortify  a  PlaCe  well,  and  become  a  Skilful  Engineer, 
it  is  enough  to  make  gOod  ufe  of  one’s  reafon,  in  apply¬ 
ing  the  Rules  of  Fortification,  it  being  allow’d  to  vary 
from  ihofe  RulcfTeveral  ways,  according  to’hifîèrent 
occafions  :  for  it  is  impofiible  to  Fortify  an  irregubr 
place  as  if  it  wasbitdgether  regnlkrr  '  ^  ■  '  - 

,  Thus  infiead  qf  lfdbering  to  a  right  FhhlCd-angk 
at  M,  which  is  nprof  great  Mdihent,  you  may  make 
it  acute  by  increaiing  the  FianKsT  little,  and  efpéciâlly  . 
the  lead  of  them,’  hVore  or  lefs,  according  as  that  An¬ 
gle  wiil  be  more  oi  lefs  acute,  and  it  will  always  be 
tolerable,  if  it  bé  notfers  thun^  of  6o  degrees.  Jjike- 
wife  inflead  of  Fortifying  the  propos’d  Hexagon  as  has 
.been  taught,  the  three  or;foiir  different  Manners 
following  may  be  us’d.  Th^ 
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The  Second K^Manner. .  ^  " 

This  Second  Manner  is  more  perfeâ,  and  more 
general  than  the  foregoing,  becaufe  it  may  be 
us’d  in  a  Polygon  more  irregular  than  the  laft,  that  is, 
much  longer  than  it  is  broad.  Yet  we  fhall  apply  it 
here  to  the  fame  Hexagon  ABCDEF,  to  (hew  how 
much  it  excels  the  firft,  for  you  will  fee  that  the  fide 
AF  will  be  better  Fortified  by  the  Second  Manner  than 
by  the  firft,  where  the  Flanks  are  more  oblique,  and 
confequcntly  more  expos’d  to  the  Enemies  Batteries. 
This  is  the  Pra6licc  of  it  : 

Having  taken  any  two  joyning  fides  as  AB,  BC,  and 
eonfidcring  them  as  the  fides  of  two  regular  Polygons 
inlcrib’d  in  the  fame  Circle,  find  L  the  Center  of  that 
Circle,  which  is  the  fame  as  goes  thro’  the  three 
points  A,  B,  C,  to  know  the  Aperture  of  the  two  Angles 
of  the  Center,  ALB,  BLC,  and  determine  the  Flanks 
and  Demi-gorges  upon  the  fides  ÂB,  8C,  as  has  been  ^ 
taught  in  the  foregoing  Method.  Find  alfo  M  the 
common  Center  of  the  two  next  fides  CD,  DE,  and  like- 
wife  N  the  common  Center  of  the  two  laft  fides  EF,  AF, 
and  end  the  reft  as  before  taught. 

When  the  propos’d  Polygon  has  an  uneven  number 
of  fides,  it  will  happen  at  laft  that  there  will  only  re¬ 
main  one  fide,  whofe  Center  miift  be  found  ;  which  will 
be  done  if  you  confider  it  as  the  fide  of  a  regular  Poly¬ 
gon,  whofe  Center  will  be  found  by  the  interfeélion  of 
two  right  lines,  which  divide  into  two  equal  parts  the 
Angles  of  the  ends  of  that  fide,  as  we  {hall  faymore  par¬ 
ticularly  in  *  ^ 


The  Third  Manner. 


THTS'third  Manner  does  not  feem  fo  perfeâ 
the  foregoing,  but  a  great  deal  eafier  :  for  all  you 
have  to  do  is  to  divide  into  two  equal  parts, 

Angles  of  the  propos’d  Polygon,  by  right  lines,  of  which 
fuch  as  go  fro tp  the  ends  of  the  fame  fide,  will  in  their 
i n ter fe6tion  give  the  Center  of  a  regular  Polygon,  one 
of  whofe  fides  the  included  fide  vnO  be,  and  itmoft 

I  4  be 


ATftêtifeûf¥oxt\^C9LÛQn>  Part  I  Y* 

be  Fortified  agreeably  with  the  Angle  of  the  Cen- 
ter. 

Having  then  divided  each  of  the  Angles  A,  B,  of 
the  Polygon  into  two  equal  Angles  by  the  lines  AL, 
the  point  L  of  their  interfeftion  will  be  the 
Center  of  a  regular  Polygon,  of  which  the  line  AB  is 
a  fide,  to  be  Fortified  agreeably  with  the  Angle  of  the 
Center  ALB,  as  has  been  taught  in  our  firft  Manner, 
l-iktwife  the  Angle  C  is  to  be  divided  into  two  equal 
parts  by  the  line  CM,  which  will  cut  the  foregoing  BL 
in  a  point,  as  M,  which  you  muft  look  upon  as  the 
Center  of  a  regular  Polygon,  of  which  BC  is  a  fide, 
to  Fortify  it  according  to  ih^  Angle  of  the  Center 
IÇIV^C,  and  fo  for  the  other  fidcs. 

The  Fourth  i^Manner. 

TO  render  the  foregoing  Manner  more  Perfefl,  and 
as  Conipleat  as  poflible,  we  have  here  added  a 
fourth  Manner,  which  will  cafily  (hew  us  the  Way  to 
apply  our  fourth  Method  to  Irregular  Fortification  : 
But  without  dwelling  any  longer  upon  it,  we  will  flill 
follow  the  defign  of  our  fecopd  Method,  becaufe  it 
makes  the  Flanks  bigger. 

^7*  Having  then  divided  one  of  the  Angles  of  tho  Poly* 
gon,  as  A,  into  Two  equal  Parts,  by  the  line  AL,  di¬ 
vide  the  fide  AB  into  Two  equal  Parts  alfo,  by  LM  per¬ 
pendicular  to  that  fide,  which  here  cuts  the  line  AL 
at  L,  which  you  mufl:  take  for  the  Center  of  a  Regular 
Polygon,  whole  Angle  of  the  Center  has  ALMfor  its 
half,  according  to  which,  the  Demirgorge  AÇf,  and  thç 
plank  GH,  wnich  mull  be  drawn  from  the  Center  L> 
will  be  determin'd  the  firll  Way. 

Having  alfo  divided  the  Angle  of  the  Polygon  B  into 
Two  equal  Parts,  by  the  line  BP,  it  will  meet  the  per¬ 
pendicular  ML,  at  P,  which  mull  be  taken  for  the  Cen¬ 
ter  of  a  Regular  Polygon,  whofe  Angle  of  the  Center 
has  BPM  for  its  half,  according  to  which  mulf  be  de¬ 
termin’d  the  length  of  the  Demi-gorge  BG,  and  of  the 
Flank  ÇH,  which  muft  be  drawn  from  the  Center  P. 

Like- 
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Likcwife  having  divided  the  fide  BC  into  Two  equal 
Parts  at  N,  and  from  that  point  having  drawn  its  per¬ 
pendicular  the  point  O,  where  that  Perpendicular 
meets  the  ime  BP  mud  be  taken  for  the  Center  of  a  Re¬ 
gular  Polygon,  whofe  Angle  of  the  Center  has  BON 
<  for  its  half,  according  to  which  mud  be  determin’d  the 
Demi-gorge  BQ,  and  the  Flank  QR,  which  mud  be 
drawn  from  the  Center  O  :  and  fo  on. 

How  to  Fortify  inwards  an  Irregular  Tlace^  whofe  Angles 

and  Sides  are  aü  Regular, 

WH  E  N  we  have  bounded  a  regular  fide  between 
I  oo  and  i^o  Toifes,  an  inward  fide  was  meant; 
for  an  outward  fide  ought  to  be  longer,  becaufe  the 
Points  of  the  Badions  are  more  didant  from  one  an-, 
other  than  their  Centers.  That  therefore  all  the  paru 
of  a  Polygon  Fortified  inwards  may  have  a  jnd  Propor¬ 
tion,  its  fides  fliall  be  cdecm’d  Regular  y  when  they  are 
between  160  and  zoo  Toifes,  becaufe  according  to 
thtfe  limits  a  Line  of  Defence  will  neither  be  too  long, 
nor  too  fhort. 

The  different  Methods  of  Fortifying  inwards  a  Re¬ 
gular  Plan,  which  have  been  taught  in  the  foregoing 
Part,  may  be  eafily  apply ’d  to  an  Irregular  one  :  But 
without  lofing  Time  in  mentioning  thqfe  Methods, 
which  are  now  out  of  ufe,  we  fhaU  only  apply  Mr. 
Vauhan\  Method  here ,  as  being  the  bed,  and  that 
which  is  follow’d  now. 

*  An  Irregular  Plan  may  be  Fortified  inwards  as  many 
i^ifferent  Ways  as  we  have  taught  to  Fortify  it  outwards,  % 
the  bed  of  which  maybe  chofen:  Wherefore,  not  to 
irepeat  the  fame  thing  over  again,  we  fhall  give  another 
'Manner  of  Fortifying,  which  may  be  as  a  fifth  Way  of 
Fortifying  inwards,  as  we  fhall  always  do  in  the  Sequel. 
Therefore  without  minding  of  the  quantity  of  the  An¬ 
gles,  or  length  of  the  Sides  of  the  propos’d  Pol 
ABCDEF,  it  they  be  but  Regular,  it  may  be  Fortified 
according  to  Mr.  Fauban\  Method,  thus  : 


Ha. 


PUte 
Fig,  6ÿ, 


Plate  32 
Fig.  JQ. 
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Having  divided  the  fide  AB  into  Two  equal  Parts,  by 
its  perpendicular  GH,  and  likewi^fc  the  next  fide  BC,> 
by  its  perpendicular  IH,  takè  the  point  H,  where  thefe: 
Two  Perpendiculars  intcrle^,  for  the  Center  of  a  Re¬ 
gular  Polygon,  one  of  whofe  At^gks  is  ABC,  and  GHI. 
the  Angle  of  the  Center,  which  Angle  >you  muft  mea- 
fure»  or  elfe  ABG  .that  of | the  Polygon,  to  determined 
according  to  its  Aperture,,^  the  length  of  the  lines  GK, 
IL,  which  by  Mr.  Vauhan\  Method,  mull  be  each  a 
feth  part  of  the^fides  AB,  BG,  or  a  third  part  of  their 
halves  BG,  Bl,  iC  the  Angle  belongs  to  an  Hexagon,  or 
any^ greater  Polygon.  i . 

f  ■  ,  '  .  _  ;  .  '  K  ^ 

Héw'  fo  Fortify  m  Irregular  Side.  I,  ■  5 
Fortjfy  outwards  the  fide  AB,  which  I  feppofe: 

*  JL  of  24o.To|fes,  which  is  twice  as  far  as  the  ufiiall 
reach  of  a  Mushe:t ,  bccaufc  the  Baftions^  at  the  ends. 
A,B,  are  toodiîlant  to  defend  one  another,  the  fide  AB • 
mult  be  diyided  into  two  equal  parts  at  G,  to  make  at 
the  middle  point  C  B^ipn^  call’d  Moineau.,  allow¬ 
ing  30  Toifes  for  each  of  its  Dcmi^gorges.Gp,  ÇE,  and 
as  much  to  the  Flanks  EF,";DF,  which  mufl  be  perpen¬ 
dicular  to  the  Curtains  ;  and  if  you  wou’d  have  the 
Angle  of  that  Baflion  . a  Right-one,  the  Capital GCmufl 
be  perpendicular  and  equal  to  the  Gorge  DE,  ; 

The  fide  HI  being  but  of  po  Toifes,  the  Demi-gorges 
HK,  IL,  have  been  made  but  of  ly  Toifes  each?  that 
there  might  remain  60  Toifes,  at  jeafl,  for  the  Curtain, 
which  ought  fqarçe  to  be  fefs  :  And  if  that  fi(^e  had 
been  yet  fliorter,  the  Demi  gorges  HK,  IL,  muft  have 
been  liill  Jefs,  and  they  mull  have  been  infinitely  fmalf  i 
that  is,  the  fide  HI  mufl  have  been  taken  for  a  Curtain, 
M  it  had  been  but  of  60  Toifes,  or  fomething  Jefs: 
But  if  it  fhou’d  be  extremely  üiort,  then  it  mufl  of  ne- 
ceffity  be  chang’d,  becaiife  the  Baflions,  at  its  ends, 
wou’d  be  too  near  together,  j 

,  Becanfe  the  fide  MN  is  not  Jong  enough  to  receive  a 
fiat  Baflion  in  the  middle',  being  but  of  180  Toifes,  and 
that  it  is  too  long  to  have  only  Bafiions  at  its  ends  to 

de- 
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defend  one  another,  we  have  Fortified  it  with  a  Ciir-P/^^^  32. 
tain  retir’d  inwards,  as  in  the  Re-inforc’d  Order,  make-  7o* 
ing  the  Curtains  OP  equal  to  the  Derai-gorges  MO, NO, 
or  a  little  longer,  according  to  the  length  of  the  fide 
MN,  and  drawing  upon  the  faid  Curtain  the  Perpetidi- 
ciiiar  Flanks  P(i  of  20  Toifes  each. 

One  might  have  made  a  flat  Baftion  in  the  middle  df 
that  iide  ;  but  as  it  would  in  fuch  a  cafe  be  too  near  the 
Eaftion  on  each  fide,  you  muft  take  back  the  other 
Two  Baftions,  if  the  other  Two  fides  will  permit  it, 
that  is,  if  they  are  long  enough  to  receive  the  whole 
Gorge,  fo  that  the  Flanks,  which  are  at  0,  may  be  at 


M,N,  and  perpendicular  to  the  fide  MNy  as  if  the  fide 
MN  was  to  be  taken  for  a  Curtain:  And  then  fuch  a 
Baftion  is  call’d  "Dtfform  Baftion^  becaufe  k  is.  Deform’d, 
in  oppofition  to  Uniform-mà  Beautiful  Baftions,  which, 
indeed,  are  the  beft  flank’d,  and  of  the  Left  defence.  ,  \ 

If  the  fide  to  be  Fortified  is  of  a  very  *  eat  length, 
you  muft  build  upon  it  feveral  flat  Baftions,  or  to  avoid 
Expence,  only  Demi-Baftions,  60  or  80  Toifes  from 
one  another,  in  the  Shape  of  a  Horn^Work:  Or  ellcp/^f^  ^ 
you  may  life  Curtains  retir’d  inwards,  with,  a  flat  Ba-  Vig.  71. 
fiion  in  the  middle,  as  upon,  the  fide  IL,  if  we  are  not 
by  it  forc’d  to  pull  down  Houfes;  otherwife,  when  fuch 
,a  fide  has  an  ad  vantageous  Situation,  as  when  it  is  upon 
the  fide  of  a  River,  as  AB,  it  will  fufBcc  to  fortify  it  with  3 
Redents^.Q2l!^à  alio  Saw~fVorhs^  becaiife  they  are  made  ^9- 
like  ther Teeth  of  a  Saw,  as  CDE,  allowing.at  mofi 
Toifes  for  the  Flank.  CD,  and  60  at  leaft  for  the 
breadth  CE>  .  * 

The  Quality  of  the  Angles  at  the  ends  of  the  long  fi  je, 
oblige  us  Sometimes  to  fortify  fuch  a  fide  another  way, 
and  all  that  depends  upon  Judgment  and  Experience  3 
efpeciaily  when  you  are  well  skiifd  in  Fortifying  an  Ir- 
regular-angle,  as  we  are  going  to  teach,  tho’  we  fliaîl 
take  no  notice  of  feveral  particulars,  which  are  better 
underftood  by  Experience  and  good  Senfe,  than  a  long 
Dilcourfe.  •  . 


How.. 
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JFIow  to  Fortify  an  Irregular  Angle* 

3Î.TJIRST,  if  it  be  a  Saliant-angle,  and  greater  than  of 
7Ï-J7  (5o  degrees,  as  A,  which  being  acute,  can't  receive: 
a  Beautiful  and  Uniform  Baftion,  becaufe  the  Angle  of: 
this  Baftion  wou'd  neceflarily  be  too  acute  ;  it  muft  be  : 
left  as  it  is,  being  open  enough  to  refifl;  the  Enemy's 
Cannon  :  and  that  it  may  be  well  defended,  inftead  of 
making  upon  the  middle  of  the  Two  fides  AB,  AC,, 
(which  are  too  long)  flat  Baflions,  whofc  Faces  towards 
the  Angle  wou’d  be  ill  flank’d,  Demi- Baflions  rauft  be  * 
ereéled ,  whofc  Gorges  DE  ,  muft  be  yo  or  <5o,  the 
Little-flank  EG  2y,  and  the  GrCat-flank  DF,  4ooryo» 
Toifes  long,  which  mufl:  be  perpendicular  upon  AD,  , 
thence  to  defend  the  better  the  Angle  A,  which  we; 
have  here  cover'd  with  a  Counter-guard,  whofe  defence  ■ 
is  from  DF. 

If  the  Saliant-angle  bç  too  acute,  as  Î,  it  may  be  For¬ 
tified  with  a  Cut-Bajiton^  call'd  alfo  Baftion  with  a  Te- 
naille  ;  that  is,  with  Two  Demi-Baflions  like  the  for¬ 
mer,  in  fuch  manner  that  the  longeft  Flanks,  which 
make  a  Re-entrant-angle  at  Î,  may  be  perpendicular  to 
the  fides  IK,  IL,  which  make  the  acute  Angle  KIL: 
And  becaufc  the  Re-entrant-angle  HIH  is  very  much 
expos'd;  and  that  the  Tenaille  or  long  fides  TH  can 
fcarce  defend  one  another,  it  ought  to  be  cover'd  with 
a  little  Lunette,  whofe  each  Demi-gorge  is  of  lo,  and 
whole  Face  is  of  15  Toifes,  that  it  may  be  defended 
from  the  Tenaille  HL  This  fuppofes  that  the  fides 
IK,  IL  cannot  any  way  be  fliortncd,  when  they  arc  , 
very  long,  as  here.  i 

Tho'  this  Angle  I  thus  feems  ill  Fortified,  yet  one 
ought  to  confider,  that  the  fuppofition,  which  we  have 
made,  that  nothing  can  be  taken  from  the  fides  IK,  IL^, 
may  proceed  from  fuch  an  advantageous  Situation,  as 
renders  the  Angie  I  hard  ofaccefs,  and  exempt  from  the 
danger  of  Mining;  wherefore,  in  fuch  a  cafe,  it  is  well 
to  profit  of  the  advantage  of  that  Situation,  without 
any  need  of  fortifying  that  Angle  with  fo  much  pre¬ 
caution. 
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caution,  Otherwife  part  of  the  fides  IK,  IL  mufi;  be  plate 
taken  off,  to  make  in  it  a  reinforc’d  Tenaille,  which 
may  be  cover’d  with  a  good  Ravelin  :  But  yet  this  way 
we  err  againft  the  Maxim,  which  imports  that#  greater 
Ipace  in  a  Place  is  preferable  to  a  lefs ,  becaufe  it  is 
capable  of  containing  more  Defenders ,  and  of  Re- 
■ftcnchraents,  in  time  of  need. 

Secondly ,  To  Fortify  a  Re-entrant-angle ,  as  M, 
whofe  lines  MK,  MN,  are  too  fhort  to  receive  a  PlaN 
form  at  M,  if  poflible  MO,  MP  muft  be  taken  off  to 
augment  the  capacity  of  the  Place,  in  fnch  manner  that 
NO  and  KP,  the  lines  which  are  left,  be  no  longer 
jthan  30  or  40  Toifes,  which,  in  this  cafe,  may  bt 
turn’d  into  Derai-gorges  for  the  Battions,  which  wij| 
be  made  at  the  Angles  N,K;  but  care  muft  be  taken, 
leaft  the  line  OP,  which  muft  be  the  Ci^ftain,  be  too 
long,  fo  thatahe  Two  Baftions  which  mu^  be  made  at 

N, K,  may  defend  one  another,  which  will  happen  when 
the  Angle  M  is  very  open,  and  the  fides  MN,  MK,  of 
about  loo  Toifes. 

One  may  E'ortify  the  fame  Re-entrant-angle  KMN  by 
a  Curtain,  retir’d  inwards,  thus  :  Lengthen  the  lines  72, 
MK,  MN,  which  I  fuppofe  too  fhort,  to  O,  and  P,  fo 
that  the  lines  MO,  MP,  be  of  about  ao  Toifes  each, 
and  when  you  have  joyn’d  the  Curtain  OP,  draw  from 

O,  the  Flank  OQ.of  20  Toifes,  and  perpendicular  to 
MO^  and  like  wife,  from  the  point  P,  the  Flank  PR  of 
20  Toifes,  and  perpendicular  to  the  line  PN,  and  draw 
the  lines  NQ,  KR,  to  take  upon  it  the  Demi-go]^s  K$, 

NS,  of  about  24  Toifes  each,"  and  end  the  reft,  as  you 
fee  in  the  Figure. 

Such  a  Re-cntrant-angle  as  A,  may  be  Fortified  yet 
otherwife,  and  more  fimply,  by  a  reinforc’d  Tenaille, 
taking  upon  the  lengthen’d  fides  the  lines  AB,  AC,  AD, 

AE,  of  20  Toifes  each,  and  drawing  the  Curtain  BC, 
and  the  Two  Flanks  BE,  CD,  which  are  perpendicular 
to  that  Curtain.  Some  from  the  Angle  A  deicribe  part 
of  a  Circle  inwards,  towards  the  Place,  deferibing  that 
Çircle,  or  round  \VaJ],  thro’  the  Four  points  E,B,C,D. 
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34.0ne  might  alfo  make  a  round  Curtain  outwards,  a^i| 
¥ig.  72  EFD,  or  inflead  of  a  round  Curtain,  you  may  have 
üreight  one,  which  paffing  thro'  the  Two  points  DjE,, 
will  be  well  enough  defended  from  the  “Baftion  om 
each  fide. 

Plate --yi.  When  the  fides  of  the  Re-entrant-angle  are  of  a  rea- 
Fig.  69.ronable  length,  as  GH,  IH,  they  may  be  Fortified  by  ai 
Platform  HLMK,  allowing  24  or  25  Toifes  for  each  of 
the,  Demi-gorges  HK,  HL,  and  drawing  from  K  and  LjJ 
the  Two  Flanks  KM,  LM,  perpendicular  to  the  fidessJ 
GH,  FII,  which  by  their  interfedion  wiH  give  at  M  tha| 
Angle  of  the  Platform  ,  which  will  never  be  too  acutejl 
when  the  Re-entrant-angle  H  is  no  greater  than  of  I2a'| 
Degrees. 

This  way  have  we  Fortified  a  Re-entrant-angle 
except  that  bccaufe  it  is  very  open,  which  wou'd  ren.-i 
der  the  Angle  of  the  Platform  too  weak,  and  the  Flanksd 
too  long,  we  have  thefe  Flanks  OQ,  PR,  only  of  ge  j 
Toiles  each,  and  we  have  joyn’d  the  Face  QR?  whicEj 
will  be  always  defended  enough  by  the  Space  which 
takes  up  in  the  Re-entrant-angle  :  And  to  defend  it  the  I 
better,  it  will  be  well  to  make  before  it  a  detach'd Bai  ( 
Jïion  ,  as  S,  whofe  each  Flank  and  Demi-gorge  muft  bti 
of  about  20  Toifes. 

A  Place,  whofe  Angles  and  Sides  are  all  Regular,  i 
call'd  well-condition  d,  (in  Trench  Bien-conditionee)  anej 
one  whofe  Angles  and  Sides  are  not  all  Regula^is  calfc 
Jd-conditiodd I  (in  Frewc/è  Mal-conditione^e)  where  yoi 
mull:  obferve,  that  when  the  foregoing  Rules  cannot  btj 
follow’d  without  fome  confidcrable  Difadvantage,  tht 
fides  of  the  Figure  mufl:  be  chang'd,  by  increafing  or  dii 
minifhing  it  according  to  the  Situation  of  the  Ground,  fc 


,  1 

Blow  to  Fortify  an  Irregular  Tlace,  leaving  the  old  Enui 
ceinte  y  and  making  a  new  one, 

The  old  Enceinte  of  Places  is  kept,  when  it  is; 

encompafs’d  with  a  Ditch  and  a  good  Ramparnjt 
which  may  ferve  in  the  place  where  the  Curtains  ardj 
10  be,  fo  that  only  good  Baftions  are  to  be  made  by  ihté 

fore*n 
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i  foregoing  Rules,  and  by  that  means  a  good  part  of  the 
Î!  Expcnce  will  be  fav’d  ;  tho’  care  mufl  be  taken  that  the 
\  Baillons  be  not  too  far  afunder,  nor  the  Ramparts  too 
I  high,  for  in  fuch  a  cafe  they  rauft  be  reduc’d  to  a  rea- 
iTonable  height,  and  the  Earth  taken  from  them  may 
i  ferve  for  fome  new  Works,  as  for  Example,  for  the 
j  conllruâion  of  fome  flat  Baflion,  or  Ra  velin  belore  the 
3  Curtain,  to  remedy  the  too  great  diflance  of  Two 

(  Baflions.  ’ 

•* 

I  But  if  this  old  Enceinte  is  not  fuch  a  one,  and  the 
j  Place  is  only  encompafs*d  with  a  little  Ditch,  and  fome 
I  old  Walls  with  old-fafhion’d  Towers,  to  avoid  the  ex¬ 
pence  of  a  new  Enceime,  the  Ditch  mufl  be  made 
deeper,  and  broader,  and  the  Earth  taken  from  it  mull 
ferve  for  the  Rampart,  whofe  Chemtje  the  old  Walls 
may  be,  filling  the  Towers  with  the  fanj^  Earth,  to 
make  them  ferve  as  Cavaliers,  when  every  one  of  them 
is  encompafs’d  with  a  good  Baflion,  or  elfe  they  may 
be  turn’d  into  Second  Baflions,  after  Count  Tcigan\ 
Manner,  when  they  have  a  Saliant  Angle  towards  the 
Enemy.  Thefe  Baftion’d  Towers  may  be  both  Ma¬ 
gazines  and  Cavaliers. 

This  fuppofes  the  Town  capacious  enough  to  receive 
a  Rampart  within  its  Wails,  but  as  it  is  difficult  to  carry 
Earth  thither  for  the  conftrudion  of  fuch  a  Rampart, 
which  thus  made,  cramps  and  leflens  the  Town,  and 
neceffarily  caufes  fome  Houfes  to  be  pull’d  down^  it 
will  be  better  to  let  the  old  Enceinte  alone,  and  take 
compafs  in  the  Field  to  make  a  good  Fortification  of 
the  Place,  Regular  if  poffiblç,  or  at  leafl,  fuch  a  new 
Enceinte  or  Polygon,  whofe  Sides  and  Angles  may  be 
all  Regular;  for  then  the  little  Irregularity,  which  it 
will  have,  will  not  dirainifli  its.  Strength.  Its  Baflions 
will  be  large  and  few,  a  great  many  little  ones  being 
not  fo  Advantageous  as  a  few  great  ones,  which  re¬ 
quire  fewer  Defenders  in  the  Place,  and  are  more  ca¬ 
pable  of  Retrenchments. 

When  you  have  not  time  to  Fortify  a  Place  as  it 
fhou’d  be,  pr  will  not  go  to  the  Charge  of  it,  or  when 

a  con« 
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a  conquer'd  Place  is  to  be  Fortified  to  be  of  nie  in  car*à 
rying  on  a  War,  or  a  Town  that  has  a  wide  andl 
deep  Ditch,  which  Ihou’d  be  fill'd  with  Earth  where? 
the  Baftions  are  to  be  joyn'd  to  the  Place,  which  re-, 
quires  a  great  deal  of  Expence  and  Time,  it  is  ufually'|' 
Fortified  with  good  Out-Works,  or  Detach'd  Pieces,,  i 
built  upon  the  edge  of  the  Ditch,  towards  the  Field,  as;  i 
Half-Moons  and  Ravelins,  Horns  and  Crown-Works,,  e 
wherein  Cavaliers  and  Barbettes  may  be  rais'd;  or  by'^^ 
Detach'd-Baflions  and  Demi-Bafiions,  which  are  ufu--ji 
ally  Irregular  from  the  Situation  of  the  Place;  tho  p 
that  fignifies  little,  if  the  Whole  be  well  flank'd,  andfii 
the  Line  of  Defence  be  of  a  due  length.  MaeJîriSi^^^ 
which  is  reckon'd  a  flrong  Place,  is  Fortified  after  thatij* 
Manner.. 

When  you  wou'd  Fortify  upon  the  Enceinte  of  theîji 
old  Walls,  which  is  chiefly  done  when  a  Town  is  Popu-.|t 
Ions,  and  the  Wall  is  thick  enough  to  be  a  Chemife  for’Ie 
the  Rampart  to  be  rais'd  on  its  infide,  you  mufl:  recede:  I 
from  thofe  old  Walls,  when  there  are  Re-entrant-an¬ 
gles,  to  avoid  making  Platforms  in  them,  the  flat  Ba- 
fiions  being  of  a  better  Defence  :  And  you  muft  cndea-.l 
vour  to  retain  the  Towers  which  happen  to  be-  in  the: 
middle  of  the  Curtains,  becaufe  when  they  are  fill’d! 
with  Earth,  they  will  be  good  Cavaliers,  from  whichi 
you  may  thunder  into  the  Enemy's  Works. 

If  the  Town  has  Suburbs  not  Fortified,  it  is  dange-i 
TOUS,  leafi  the  Enemy  fliou’d  make  an  Advantage  ofl 
them,  when  he  has  taken  them,  by  covering  himfelf  im 
his  Approaches,  and  battering  the  Town  from  thence,  .i 
Wherefore  to  deprive  him  of  this  Advantage,  all? 
the  Houfes  mufl:  be  pull'd  down,  as  wellas  every  thing;, 
that  may  cover  the  Enemies,  and  hide  them  from  the:j 
fight  of  the  Befieg’d,  within  Musket-fhot  and  farther.  | 
You  muft  alfo  take  from  the  Enemy,  all  that  may  fa^.i 
vour  him  in  his  Trenches,  zsCavmSy  which  muftbeil 
fill’d  with  Earth,  and  RiJeaux,  which  muft  kv^ird  as  i 
much  as  poffible. 
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If  you  wou’d  preferve  the  Suburbs,  and  are  not 
oblig’d  to  demolilh  it  for  fear  of  a  Siege,  in  cafe  that 
its  Situation  makes  it  rather  defenfive  than  trouble- 
fom  to  the  Town,  and  that  the  Town  can’t  well  be 
without  it,  as  being  too  little  for  the  Inhabitants;  the 
Suburbs  mufl  be  taken  into  the  Fortification,  as  in  a 
Crown-Work,  with  feveral  Baftions  equally  Fortified 
every  where,  fo  that  the  Fortification  be  as  regular  in 
one  as  in  the  other  Tenaille  :  and  if  the  two  parts  can’t 
be  joyn’d  into  one,  that  it  make  but  one  Body  of  the 
Place,  Retrenchments  and  Redoubts  muff  be  made  about 
the  Suburbs  in  fuch  manner,  that  each  Piece  may  de¬ 
fend  it  felf,  and  the  one  may  not  command  the  other, 
leaft  the  lofs  of  the  one  fhou’d  occafion  the  lofs  of  an¬ 
other  ;  and  when  you  wou’d  build  a  Citadel  about  it, 
let  it  be  in  fuch  a  convenient  Place  as  may  command 
.  both  the  Town  and  Suburbs. 

Where-ever  the  Ditches  are  dry,  they  mufl  be  digg’d 
as  deep  as  may  be,  that  the  Baftions  may  receive  the 
Earth  digg’d  out-  of  fuch  a  Ditch,  and  be  the  fitter  for 
the  Befieged,  who  may  in  fuch  a  full  Baftion  fight  for 
every  Inch  of  Ground  ;  but  when  Baftions  are  detach’d 
from  the  Body  of  the  Place,  it  is  better  that  they  fliou’d 
be  empty,  that  the  Enemy  may  be  lefs  able  to  cover 
himfelf  in  them,  when  he  has  taken  them.  The 
Ditches  muft  be  equally  deep  in  all  the  Out-Works; 
but  not  fo  deep  as  the  Ditch  of  the  Town,  when  ’tis  a 
dry'Ditch. 

All  that  we  havefaid  fuppofes  the  Town  to  be  of  no 
greater  Compafs  than  what  is  fofficient  to  make  a  good 
Place  of  War;  but  when  it  has  a  vaft Enceinte,  it  will 
fuffice  to  Fortify  fuch  a  part  of  it  as  commands  with¬ 
out  being  commanded,  always  upon  the  Avenues,  but 
never  in  the  middle  of  the  City,  that  one  may  receive 
Succour,  tho’  the  Enemy  fliou’d  have  taken  foine 
Houfes;  and  to  hinder  him  from  being  cover’d  by  them 
Cavaliers  muft  be  rais’d  upon  the  Baftions  of  this  new 
Fortification,  at  the  end  of  which,  towards  the  Field,  a 
Çitadel  may  be  built,  if  the  Ground  is  high  enough. 
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that  the  Befieg’d  may  retire  thither,  and  hold  out,  if 
the  firft  Fortification  fliou'd  be  taken. 

How  to  Fortify  a  Vlace  commanded hj fome  riflng  Ground, 

A  Place  over>]ook’d  by  a  neighbouring  Hil]  is  faid  to 
be  Commanded^  and  fuch  a  Hill  is  calFd,  a  Com^ 
manding  Ground^  {in  French  Commandement)  which  is 
Single  when  it  is  p  F’oot  ;  Tdouhle  when  it  is  i8  Foot  ^ 
and  Tri/?/e  when  it  is  27  Foot  high,  and  fo  on,  always 
reckoning  p  foot  in  height  a  Commanding  Ground. 
There  are  other  Commanding  Grounds,  which  we 
{ball  explain  occafionally. 

'  When  an  Eminence,  which  commands  a  Place,  fees 
it  and  plays  upon  the  back  of  it,  as  when  it  fees  the 
Gorge  of  a  Bafiion  as  far  as  the  Flank'd-angle,  it  is 
call'd  a  Feverfe  Commanding  Ground  :  and  when  a 
Height  faces  the  Poft  it  plays  upon,  it  is  call’d,  A  Front 
Commanding  Ground  ;  and  laftly,  when  it  fees  along  a 
ffraight  line  and  can  fcour  it,  it  is  call'd,  An  Enfilade 
Commanding  Ground  y  or  Curtain  Commanding  Ground, 
You  mult  Fortify  your  felf  againfl  thofe  Command-' 
ing  Grounds  by  Epaulements^  or  earthen  Parapets,  to 
cover  your  felf,  or  elfe  wfith  Gabions  and  Cavaliers; 
and' when  you  have  them  in  your  power,  they  mult 
he  Fortified  with  Tenailles,  Fortins  or  (Little  Forts) 
Crowns,  or  Horns  ;  thefe  two  laft  Works  having  been 
chiefly  invented  for  that  piirpofe. 

To  Fortify  a  Commanded  Place,  the  Bafiions  muft  be 
made  folid,  with  Parapets  higher  than  ordinary  ;  the 
Bafiions  ought  to  be  full  which  are  oppofite  to  the  Com¬ 
manding  Grounds,  fo  that  they  may  command  thofe 
very  Eminences  with  Batteries  and  Cavaliers  rais’d  in 
them. 

This  fuppofes  fuch  a  Height  not  too  diflant,  as  with¬ 
in  Musket-fhot,  or  within  lefs  than  Cannon-fhot  of 
the  Place;  for  if  it  was  but  juif  within  Cannon- fliot or 
farther  off,  it  ought  not  to  be  minded  ;  for  the  Enemy 
from  fuch  a  difiance  cou’d  not  hurt  the  Place.  When 
the  Eminence  is  very  near  the  Place,  it  muft  be  taken 
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in  with  the  Fortification  of  the  Place,  if  poflible  ;  if 
not,  with  a  Ravelin  ,*  and  if  a  Ravelin  is  not  capacious 
-enough,  greater  Works  muH:  be  us'd,  as  Horns  or 
Crowns,  as  we  have  already  laid. 

If  none  of  thefe  things  can  be  done;  build  a  Fort, 
Cafîie  or  Citadel  upon  it,  to  hinder  the  Enemy  from  tak¬ 
ing  pofleflion  of  them;  which  I  think  very  proper, 
tho’  fuch  a  Fort  fliou’d  be  very  diflant  from  the  Place, 
as  three  quarters  of  a  Milê  :  for  if  the  Enemy  ncgledts 
it,  he  will  from  thence  be  beaten  upon  the  Rear,  and 
if  he  attacks  it,  he  cannot  hinder  the  Town  from  being 
relievM  ;  neither  can  he  fhut  up  fuch  a  Fort  in  his  Cir- 
cumvallation,  becaufe  it  wotfd  be  too  great,  and  con- 
feqiiently  eafy  to  be  pafs'd,  by  fuch  Convoys  as  fupply 
the  Befieged  with  Provifions.  ^  ^ 


How  to  Fortify  Towns  Situate  upon  high  T/aces. 

lU  C  H  Towns  are  either  upon  Mountains  or  Rocks. 
Thofe  that  are  upon  Mountains  have  this  advan¬ 
tage,  that  there  is  feldom  any  more  than  one  or  two 
ways  to  them,  fo  that  they  need  be  Fortified  but  in  one 
or  two  places  :  for  when  they  have  many  Avenues, 
they  ought  to  be  better  Guarded  and  Fortified,  becaufe 
there  is  danger  of  Surprife  from  divers  places^  Thofe 
that  are  upon  Rocks  are  iefs  acceffibie,  becaufe  their 
Enceinte  is  commonly  Steep,  either  by  Art,  or  Nature. 

To  Fortify  thofe  upon  Rocks,  after  having  cut  the 
Rampart  in  the  Rock,  a  Parapet  of  Earth  muft  be  rais'd, 
and  fuch  parts  of  the  Rock  as  (land  out  too  far  muff  be 
cut  down,  and  the  hollow  places  fill'd  up,  that  the  De¬ 
fenders  may  have  a  free  Profpe6l  on  every  fide.  As 
the  Ditch  cannot  be  digg'd  above  four  or  five  Foot 
deep,  by  reafon  of  the  hardnefs  of  the  Stone,  which 
wou'd  render  the  charge  excefïive,  it  ought  to  be  made 
very  broad,  and  the  Baflions  of  the  Town  ought  to  be 
cover'd  with  Counter-guards  fhap'd  like  Demi-Baflions, 
and  with  Half-Moons  rais'd  in  the  Ditch,  that  they 
may  be  defended  from  the  Place,  and  command  the 
Goiinterfcarp  and  all  the  Ground  round  about. 
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In  Towns  Situate  upon  Mountains,  the  Bafiions, 
which  may  be  Single  or  Double,  mull  alfo  be  covered 
with  Counter-guards,  and  the  Curtains  with  good  Ra¬ 
velins  to  hinder  Approaches  :  and  becaufe  the  Places  are 
not  always  exempt  from  the  danger  of  Mining,  that 
inconveniency  may  be  remedied  by  encompafling  the 
Foot  of  the  Mountain  with  a  light  Circumvallation, 
fo  digged  that  the  Horfe  as  well  as  Foot  may  be  cover’d 
in  it, 

Thofe  places  of  the  Hill  which  the  Enemy  might 
make  Lodgments  in,  muft  be  Fortified  with  Bonnettesj 
which  are  Works  of  Earth  made  like  a  Ravelin,  call’d 
alfo  Fkcbes,  They  have  no  Ditch,  but  only  a  Parapet 
3  Foot  high,  border’d  with  a  Paiiflade  :  and  that  its 
accefs  may  be  harder  to  the  Befiegers,  you  mull  add 
another  Paiifîàde  10  or  12  Paces  beyond  the  firft,  and 
about  3  or  4  Foot  out  of  the  Ground. 

If  the  Town  is  built  upon  the  fall,  and  part  of  it  at 
the  Foot,  of  the  Mountain  ;  the  upper  part  of  the  Town 
mud  be  Fortified  feparately,  fo  as  to  be  detach’d  from 
the  lower  ;  that  if  this  be  taken  by  the  Enemy,  the 
higher,  which  is  the  ftroogeft,  may  be  a  place  of  Refuge 
to  hold  out  m.  In  it  muff  be  the  Magazines  and  Ain- 
miuiition,  and  Cifierns  to  receive  and  preferve  Rain- 
Water,  when  there  is  neither  Wells  nor  Springs,  as  it 
often  happens. 

How  to  Fortify  a  Thee  Situate  near  a  River] 

First,  if  the  River  runs  thro’  the  Town,  it  < 
ought  to  come  in  and  go  out  thro’ a  Curtain,  which  i 
may  be  better  open’d  than  a  Baftion,  which  is  not  fo  ' 
well  Flank’d  :  and  if  the  River  be  narrow,  it  will 
fuffice  to  make  an  Arch  in  the  Curtain,  and  (hut  it  up  1 
with  a  double  Grate  of  Iron  :  and  to  keep  the  Enemy  | 
more  at  didance,  a  little  Fort  may  be  built  upon  Piles  e 
on  that  fide  where  he  is  mod  fear’d,  within  Cannon*  ^ 
Ihot. 

If  the  River  be  wider,  yet  not  fo  much  as  to  exceed  f 
in  breadth  the  length  of  a  Curtain,  which  is  of  about  îi 
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70  Toifes,  a  Baftion  mufl:  be  made  on  each  fide,  that, 
the  paflage  may  be  the  better  Flank'd  ;  and  to  Flank 
it  ftill  better,  where  it  comes  into,  and  where  it  goes 
out  of  the  Town,  Paliflado's  mufl:  befet  ;  and  to  hinder 
Sarprifes,  the  Entrance  mufl  be  fhut  up  with  an  Iron 
Chain,  fuflain'd  by  little  Boats  or  Logs  of  Wood,  which 
every  Night  muft  lye  quite  crofs  the  River. 

If  the  breadth'of  the  River  exceeds  the  length  of  the 
Curtain,  tho’  not  the  reach  of  a  Musket,  a  Derai-Baftion 
mufl  be  built  on  each  fide,  whofe  Capital  muft  be  along 
the  River,  that  thefe  two  Capitals  may  mutually  de¬ 
fend  one  another  with  Muskets  ;  for  if  whole  Baflions 
Ihou'd  be  made,  thejr  oppofite  Faces  towards  the  River 
coil’d  not  be  defended,  much  lefs  defend  one  another. 

Lafily,  if  the  breadth  of  the  River  very  much  ex¬ 
ceeds  the  Line  of  Defence,  and  that  its  depth  is  fuch, 
that  no  Works  can  be  advanc’d  in  it  to  Flank  one  an¬ 
other,  by  reafon  of  their  diftance  ;  fuch  a  Town  mufl 
be  Fortified  as  two  feparate  Places,  and  on  the  right 
and  left  Redents  muff  be  made  that  Flank  one  another: 
and  to  prevent  Surprifes  ,  you  may  build  two  Re¬ 
doubts  upon  the  oppofite  Banks,  fomething  high,  to 
place  Gentries  in  them,  who  muff  get  up  with  a  long 
Ladder,  which  they  are  to  draw  up  after  them.  Plate  i 

Secondly,  If  the  River  only  waflies  one  of  the  Places,  ^ 
and  that  fide  be  very  long  as  AB,  becaufe  fuch  a  place 
is  hard  of  accefs,  efpecialJy  when  the  River  is  very 
broad,  it  will  fuffice  to  Fortify  it  with  a  Rampart  only 
and  Redents,  to  Scoure  the  River  :  it  will  not  beamifs 
to  have  a  Ravelin  or  flat  Baflion  in  the  middle,  to  put 
Cannon  in,  which  will  very  well  defend  aü  the  fide  AB, 
and  to  raife  at  each  end  A,  B,  a  Cavalier  to  beat  and 
difeover  the  Avenues  of  the  River. 

Beyond  the  River,  Works  are  generally  made  to  For¬ 
tify  the  Bridge,  when  there  is  one,  as  a  Ravelin, 
which  mufl  be  defended  by  the  Musket  of  the  Place  : 
and  if  the  River  be  wider  than  the  reach  of  Musket- 
fhot,  inflead  of  a  Ravelin,  a  Horn-Work  or  a  Crown 
mufl  be  made,  efpeciaUy  if  there  be  Houfes  on  the 
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other  fide  of  the  Bridge,  as  well  to  fecure  the  Inhabi¬ 
tants,  as  to  guard  the  Bridge. 

.  To  Fortify  the  other  fide  of  the  Place,  towards  the 
Land,  according  to  the  length  of  the  great  fide  AB, 
you  muü  find  out  what  Polygon  will  fuit  bell  with  it, 
if  the  Ground  will  give  you  leave  to  make  a  regular 
Figure,  which  mult  be  Fortified  by  the  foregoing  Me¬ 
thods,  in  fuch  manner  that  there  may  be  two  Ballions 
or  two  Demi-Baflions  at  the  ends  of  the  fide  AB^  and 
that  that  Ballion  or  Demi-Ballion  may  take  up  all  the 
Ground  quite  to  the  Water,  the  more  eafily  to  repel 
the  Enemy  along  the  River. 

Becaufc  the  River- fide  ought  to  be  well  guarded,  and 
that  in  fuch  a  place  there  are  ufually  but  Demi-Ba¬ 
flions,  it  will  be  necefiary  to  add  forae  Out- Works,  as 
Horn- Works  cover’d  with  Ravelins,  which  in  cafe  of 
neceffity  may  alfo  have  other  Out-Works  before  them. 

y 

How  to  Fortify  a  Thee  Imlt  upon  the  Sea-fide, 

r^^iO  WNS  built  upon  the  Sea-fide  are  Fortified  to- 

I  wards  the  Land  as  ufual  ;  towards  the  Sea  they 
mufl  be  Fortified  with  a  good  Parapet,  fupportedby  a 
flrong  Wall,  and  that  fuch  a  Parapet  may  defend  it  felf, 
it  ought  to  be  made  in  the  lliape  of  a  Tenaille,  Demi- 
Balîion,  or  whole  Ballion,  and  Cavaliers  or  Platforms 
mull  be  rais’d  at  feveral  diftances  to  keep  off  the  Ene¬ 
my  :  and  the  better  to  hinder  Boats  from  advancing, 
artificial  Shelves  mull  be  made  under  Water.  Then, 
if  poffible,  the  Fortification  of  the  Town  mnft  be  fo 
order’d,  that  the  Entrance  of  the  Flarbour  may  be  in  j 
the  middle  of  a  Curtain  ;  that  its  Entrance,  and  its  Way 
out  may  be  defended  by  the  oppolite  Flank  of  each 
Ballion. 

Ports  are  Fortified  the  fame  way  as  the  Entance  of 
Rivers,  and  better  by  Citadels  that  Flank  their  En¬ 
trance,  and  for  want  of  a  Citadel,  the  Shore  mult  be 
Fortified  with  Cavaliers  and  Platforms,  whofe  Artillery  ' 
will  binder  the  Enemy  from  approaching,  and  Pirates 
from  burning  and  pillaging  fuch  Ships  as  are  at  Anchor.  ■ 
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How  to  Fortify  a  Town  Situate  near  a  Lake. 


WHEN  a  Town  is  Seated  near  a  Lake,  that  has 
one  end  in  the  Enemy's  Country  ;  to  avoid  fur- 
prifes  the  Fortification  mufl:  be  carried 'on  as  far  as  the 
Water  of  the  Lake,  and  to  hinder  the  Wall  from  being 
approach'd  between  the  Lake  and  the  Fortification  of 
the  Town,  you  mufl:  make  a  Falfe-Braye,  fupported  by 
a  little  Wall  :  and  if  a  River  runs  from  the  Lake  thro’ 
theTown,  its  Way  in^  and  its  Way  out,  mufl  be  block’d 
up,  as  we  have  faid  before. 


How  to  Fortify  a  Thee  Situate  in  an  If  and. 

P Laces  that  are  in  an  Ifland  have  no  need  of  a  re* 
gular  Fortification,  becaufe  the  Enemy  can  have 
no  Stable  Batteries,  by  reafon  of  the  continual  motion 
of  the  Ships  ;  and  Battions  will  not  be  of  lefs  ttrength 
for  being  acute  ;  but  inftead  of  Battions,  you  may  only 
have  Redents,  which  defend  one  another,  for  tho'  the 
Water  is  a  Natural  Fortification  to  fneh  a  Place,  yet  it 
ought  to  be  a  little  Fortified,  leaft  it  fhou’d  be  furpria'd 
by  an  Enemy’s  Fleet. 

The  Advantages  and  if  advantages  of  the  different  Situ¬ 
ations  of  a  Place, 

THO’  what  we  fhall  fay  may  indifferently  belong 
to  a  Regular  and  an  Irregular  Place  ;  yet  we 
fhall  chiefiy  underttand  it  of  Irregular  ones.  Places 
are  dittinguifli’d,  either  in  refpecl:  to  their  Figure,  which 
may  be  either  a  Square,  or  a  Pentagon,  or  an  Hexagon, 
of  which  fome  may  be  irregular,  as  we  have 
often  faid  :  or  in  refpe(9:  to  their  Situation  ;  fome  being 
feated  in  a  Dry  and  Hilly  Country  ;  others  in  a  Plain, 
which  may  be  Sandy,  or  of  Clay,  or  Fenny  ;  others  in 
Vallies  ;  and  lattly,  others  may  be  feated  upon  the  edge 
of  a  Lake,  or  upon  the  Sea-fhore,  or  upon  a  River-Cde, 
or  in  an  Ifland,  or  any  other  place,  encoropafs’d  with 
Water.  411  thefe  places  have  the  following  Advantages 
and  Difad vantages. 


K  4 


T  5*  Fortification.  Part  IV. 

Concerning  Places  of  a  high  Situation. 

The  Advantages  ot  a  Place  Situate  upon  a  Moun¬ 
tain  or  a  Rock,  are  the  following.  Firft,  a  good 
Air.  Then  it  is  almolt  proof  againft  Mines.  Its  For¬ 
tification  covers  all  the  Top,  and  it  Murders  more  than 
any  other,  becaufe  it  fees  the  Works  of  the  Enemy  all 
round  about,  who  in  his  approaches  can  raife  no  Work 
to  command  the  Place,  being  oblig’d  to  make  his 
Trenches  very  high,  lead  he  fhoifd  be  feen  from  the 
Place,  and  the  Parapet  of  his  Batteries  muft  be  flill 
higher,  that  the  Gannon  may  recoil  without  being  in 
danger  ;  and  whatever  he  does,  he  is  always  fèen  from 
the  Defenders,  whom  he  can’t  fee.  Mountains  are  of 
themfelves  fo  ftrong,  that  very  little  Art  will  help  out 
Nature  ;  fo  that  they  may  be  Fortified  at  little  cxpencc, 
there  being  no  occafion  for  the  Rampart  or  Parapet 
to  be  very  high  :  and  as  there  are  iifually  but  One 
or  two  Ways  to  them  ,  they  need  be  Fortified  and 
Defended  no  where  elfe.  If  the  Place  is  inacceffible, 
the  Enemy  can’t  force  it,  and  with  a  pretty  deal  of 
Provifion  it  may  hold  out  a  long  time  with  a  fmall  Gar- 
lifon.  Lad  of  all;  in  Sallies,  thofe  of  the  Place  have 
always  the  advantage  of  higher  Ground. 

i  he  Difadvantages  of  a  Place  feared  very  high,  are, 
fird,  that  the  Place  is  ufiially  fmall,  efpecially  when  it 
is  Situate  upon  the  Top  of  a  Mountain  or  of  a  Rock, 
fo  that  there  is  only  room  to  build  a  few  Cadies,  which 
are  of  little  refidance  :  and  if  one  may  build  any  con- 
liderable  Fort  upon  it,  it  is  hard  to  make  it  regular,  by 
xeafon  of  the  odd  Figure  that  Nature  has  commonly 
given  to'fuch  places,  which  it  is  almofl  impoflible 
with  all  our  Art  to  make  more  regular.  Thefe  Places 
generally  w^ant  Earth  to  make  the  , Fortifications,  and 
their  height  facilitates  the  Enemy  s  Approaches,  be¬ 
caufe  it  js  hard  for  Musketeers  to  fhoot  downwards, 
when  the  Parapet  is  of  a  due  tbicknefs,  and  harder  for 
the  Cannon,  which  does  more  mifchief  fliooting  up¬ 
wards  than  fliooting  downwards.  Befides  the  difficulty 
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of  Carriage  and  TrafBck,  there  is  often  a  want  of  Water, 
which  yet  may  be  fupplied  by  Ciflerns,  which  receive 
and  preferve  Rain-Water.  Whereas  the  Ditch  in  a 
dry  Place  ought  to  be  deep,  and  narrow,  here  you  are 
oblig'd  to  make  it  jufl  the  reverfe,  that  is,  broader  and 
lefs  deep,  at  leaft  where  the  Ground  is  Rocky,  by  rca- 
fpn  of  the  hardnefs  of  the  Stone,  and  the  expence  in 
digging  it  out.  Thefe  Places  are  apt  to  be  Scal'd,  becaufe 
the  Garrifon  being  fmall  and  trufting  to  the  ftreugth  of 
the  Place,  often  negleâ  to  have  a  good  Guard  and 
Watch.  Then  iaft  of  all,  the  Earth  being  Sandy  is  unfit 
for  Fortifications,  becaufe  unable  tolaftlong,  as  well  by 
leafon  of  the  Rain,  which  quickly  deftroys  it,  as  the 
Enemy's  Cannon,  whofe  (hock  can  eafily  demolifli  it. 

Places  which  are  upon  a  defeent,  and  confequently 
commanded,  tho’  they  fiand  high,  are  very  defedivc 
and  hard  to  Fortify  ;  this  muft  be  remedied  by  taking 
in,  if  poflible,  the  Commanding  Ground,  or  building 
a  Caftle  or  Citadel  upon  it,  as  we  have  faid  before  ;  and 
if  you  can  do  neither,  you  muft  cover  your  felf  with 
feveral  Pieces  one  before  another,  as  Horn- Works, 
Crown-Works, 

Places  Situate  in  Vallies ,  and  encompafs'd  with 
Mountains  are  fo  defeSive,  that  it  is  better  to  leave 
than  to  endeavour  to  Fortify  them  ;  for  whatever  Work 
you  make,  the  Enemy  from  the  Hills  wiD  deftroy  all 
with  his  Cannon,  and  thunder  into  the  Town  and  the 
Field  about  it. 

Concerning  TJaces  Seated  in  a  Thin, 

TH  E  Advantages  of  a  Town  in  a  Plain,  are  firft 
the  extent  of  the  Ground,  which  is  free  to  make 
fuch  a  Fortification  as  you  pleafe,  and  to  make  a  regular 
Figure  agreeable  to  the  capacity  of  the  Place,  if  the 
Ground  be  every  where  equal  and  uniform.  As  the 
Earth  is  in  fuch  a  place  ufuallyftifF  and  marly,  it  will 
be  very  ufeful  in  Fortifications  to  make  Ramparts,  Pa~ 
rapets,  Cavaliers  and  Out- Works,  which  may  be  made 
large  and  well  Flank’d,  there  being  no  want  of  Earth 

to 
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to  retrench  with  more  eafe  upon  occafion.  The  Soil 
is  fruitful  round  about,  and  ufiially  fupplies  the  Place 
with  neccflarics,  both  for  Man  and  Beaft.  Then  fuch 
a  Place  is  fit  for  Commerce,  efpecially  when  built  upon 
a  navigable  River, 

The  Difadvantages  of  a  Place  built  in  a  Plain,  are 
firfl,  that  the  Enemy  enjoys  the  fame  Advantage  with 
the  Defenders,  becaofe  finding  good  Earth,  he  eafily 
makes  his  Lines  of  Circumvallation,  and  Approaches. 
The  fruitfulnefs  of  the  Soil  affords  him  Subfiftence  for 
his  Army,  and  chiefly  the  Horfe,  and  he  enjoys  the 
Fruits  of  the  Country  better  than  thofe  who  are  (but 
up  in  the  Place.  And  the  Earth  being  a  Clay,  is  the 
inofl:  fit  for  Mines  againfl:  the  Town,  which  is  expos'd 
on  all  fides. 

Concerning  Tlaces  built  in  Marp^y  Ground.  * 

P Laces  that  are  in  the  Fenns,  and  have  Water  on 
feveral  fides,  are  very  Strong,  and  have  this 
Advantage,  that  they  can  be  Attack’d  but  in  a  few 
Places,  which  may  be  well  Fortified  by  feveral  Works, 
rais'd  before  one  another,  in  fuch  manner,  that  the 
greatefl:  be  towards  the  Enemy,  to  hinder  him  from 
approaching.  Befides,-  the  Place  will  want  but  a  light 
Fortification,  and  a  fmall  Garriron,becauie  the  Befiegers 
can’t  eafily  make  Batteries,  or  Lines  of  Approach,  be¬ 
ing  oblig’d  to  fetch  the  Earth  from  another  Place. 
Lailly,  fuch  Places  are  ufually  exempt  from  Mines. 

But  they  have  thefe  Difadvantages.  Firfl,  that  of  a  bad 
Air,  and  a  great  Expence  when  you  have  a  mind  to  For¬ 
tify  them  well,  becaufe  there  is  no  Earth  for  the  Works, 
for  in  digging  the  Ditch  you  quickly  come  to  Water, 
which  obliges  you  to  fetch  the  Earth  a  great  Way,  and 
the  Foundation  is  fo  foft,  that  Bafiions  are  often  ruin'd, 
and  funk  by  their  own  weight,  imlefs  they  are  built 
upon  good  Piles,  as  at  Amfterdam.  Laflly,  the  Enemy 
may  eafily  (hut  up  all  the.  Paffages,  and  the  Fenns  may 
be  drain’d  by  the  breaking  Ibnie  Canals,  Banks,  or 
Sluces,  near  the  Town,  which  the  Enemy  may  take 

With 
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with  eafe,  to  the  prejudice  of  the  Place  ;  but  when  fuch 
a  thing  is  fear’d,  the  Fenns  may  be  cover’d  with 
Forts  to  repel  the  Enemy,  and  hinder  him  from  under¬ 
taking  any  thing  on  that  fide. 

There  are  fome  Places  in  Zealand,  and  part  of  Hol¬ 
land,  where  the  Ground  lies  fo  low,  that  the  Country 
may  at  pleafure  be  laid  under  Water,  by  breaking  the 
Banks,  as  was  done  at  Landrecy,  where  a  great  part  of 
the  Spanip)  Array,  that  Befieg’d  it,  was  drown’d. 

Concerning  Places  Jituate  upon  the  Sea^Shore  ^  or  the 

Banks  of  a  River, 


P Laces  fituate  upon  the  Water-fide  have  this  Advan¬ 
tage,  that  they  do  not  require  aftrong  Garriron,and 
that  the  part  towards  the  Water  may  fometimes  be  Forti¬ 
fied  very  Cheap,  It  may  alfo  very  eafily  receive  necettary 
Refrefhments,  efpecially  if  a  Sea-Port,  becaufe  Naval 
Armies  cannot  always  ftay  before  the  Place,  for  fear  of 
Storms.  The  Enemy  muft  have  great  Forces  to  Con¬ 
quer  fnch  a  Place,  becaufe  he  mufl:  neceflariiy  Befiege 
it  both  by  Sea  and  Land.  Laftly,  The  Neighbourhood 
of  the  Sea  or  Rivers,  makes  a  Town  of  Trade  fitter  for 
Arts,  Husbandry,  and  the  carriage  of  Wood,  Viâuals, 
and  all  Things  neceflary  for  the  fubfiftence  of  the  In¬ 
habitants  and  Garrifon. 

If  thefe  Places  are  like  thofe  of  Holland  and  Zealand, 
when  the  Enemy  has  taken  the  Banks,  he  may  drown 
all  the  Country,  to  the  great  prejudice  of  the  Inhabi- 
'  tants  :  And  likewife,  having  taken  thofe  Banks  and 
Sluces  which  mailer  the  Courfe  of  the  River,  they  may 
turn  it  into  the  Town,  and  drown  it  all,  or  the  greateif 
part  of  it.  A  River,  or  the  Sea,  affords  the  Enemy  the 
fame  Advantage  as  it  does  the  Befieged,  by  the  means  - 
of  Boats  ;  for  they  have  not  only  the  Enemy  to  fear,  who 
is  at  hand,  but  diflant  Forces  too,  who  with  an  luiex- 
pe(ffed  Fleet  may  take  the  Town.  The  Ememy  with 
little  trouble  may  fhut  up  the  River,  by  the  means  of 
Boats  and  Pontons,  and  thus  prevent  the  Garrilon  from 
'  a  fupply  of  Men  or  Provifions  on  that  fide.  Laftly,  it 
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does  not  always  happen,  that  fuch  a  Place  may  be  For¬ 
tified  conveniently  and  at  little  Charge,  by  reafon  of 
Bridges,  which  it  mufi:  not  want  ;  and  the  Detach’d- 
Works,  which  raufl:  often  be  built  on  the  outfide  of  the 
River,  to  defend  the  Town  that  way;  and  feveral  other 
Works,  as  Banks,  Canals,  Sluces,  Mills,  ftrong  PaliflTa- 
do's,  and  other  Things  fit  to  withftand  the  violence  of 
the  Water, 

Concerning  Fortrejfes  EreBed  in  //lands, 

FOrtrefles  built  in  Iflands  about  Cannon» (hot  di- 
ftant,  or  a  little  farther,  from  the  Continent,  have 
this  Advantage,  that  they  can’t  be  Batter’d  from, the 
Land;  but  the  Cannon  of  the  Enemy’s  Ships  may  be 
very  troublefome  to  them.  The  Inhabitants  of  an 
Ifland  may  eafiiy  hinder  the  Enemy  from  a  Defcent  ;  but 
they  may  as  cafily  be  Surpriz’d  by  the  Enemy’s  Fleet. 
Lafily,  The  Place  may  be  Fortified  with  little  Expence; 
Biit  that  fiippofcs  the  Soil  fit  for  Fortification,  other- 
wife  the  Expence  will  be  great;  befides  to  refift  the 
Tide,  or  the  Stream  of  a  River,  Banks,  Caufeys,  and 
Mounds  of  Earth  muK  be  rais’d. 

How  to  choofe  a  Tlace  to  he  Fortified, 

IF  we  confider  the  Advantages  and  Difadvantages  jnfi 
mention’d,  proceeding  from  the  Situation  of  a  Place, 
it  will  be  eafy  to  choofe  the  raoft  Convenient  Place  to 
build  a  Fortrefs  in. 

Good  Air  and  Water  are  chiefly  to  be  chofen,  becaufe 
bad  Air  breeds  the  Plague,  and  bad  Water  the  Feavef 
and  Scurvy,  which  quickly  deflroy  the  Garrifon  of  a 
Place  Befieg’d. 

As  advantageous  a  Situation  as  poflible,  mufl  be 
pitch’d  upon,  fo  that  the  Place  may  Command  without 
being  Commanded,  that  it  may  be  hard  to  Befiege,  and 
that  in  a  Siege  it  may  be  Succour’d  in  fpite  of  the  Ene- 
mies  :  And  Jafl:  of  all,  the  Earth  niufi  be  good,  and  fit 
to  Work  with. 
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El  Y  Fortification  OffcnfivCy  or  the  Attack  of  Tlaces^ 
I  is  meant  the  Art  of  Befiegin^  afid  Taking  ftrong 
J  Places,  which  is  either  done  by  Famine  or  Force-. 
When  you  wou’d  take  a  Place  by  Famine,  it  is  fnfEcient 
to  Bhccade  or  Invefl  it,  that  i«,  to  flop  up  all  the  Paf^ 
fages,  to  hinder  its  Convoys,  and  keep  the  Inhabitants 
in  the  Town,  it  being  certain,  that  the  greater  their 
Number  is,  the  fooner  will  the  Provifions  be  confum'd. 
If  you  wou’d  take  it  by  Force,  one  cannot  precifely  tell 
which  way  it  is  to  be  Befieg’d,  becaufe  all  Places  have 
not  the  fame  Situation,  and  the  General,  or  Chief 
Engineer,  who  are  not  to  be  Contradiâed,  ufually  De¬ 
termine  that  ;  But  one  may  lay  in  general,  that  the  Ap¬ 
proaches  mull  be  cover’d  with  Trenches,  which  are 
nfually  carried  on  to  the  very  Foot  of  the  Wall,  where 
divers  AfTaults  are  given,  as  we  fhalJ  fay  more  particu¬ 
larly  in  the  feqiiel. 

We  fliall  here  briefly  fpeak  of  the  Way  of  carrying 
on  a  Siege  before  a  Place,  either  to  take  it  by  main 
Force,  or  to  reduce  it  by  Famine.  The  General  de- 
figning  to  make  himfelf  Mafter  of  it,  mufl:  before  he 
undertakes  any  thing,  be  well  inform’d  of  the  Advan¬ 
tages  and  Difad  vantages  of  the  Place,  by  a  faithful  Plan 
of  the  Fortrefs,  and  all  the  Country  round  about,  for 
a  Mile  or  Two,  by  a  Man  of  Senfeand  Skill,  who  un- 
derflands  Fortifications  well,  that  according  as  the 
Place  is,  he  may  jiidicioufiy  begin  his  Siege,  when  he 
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has  receiv'd  Orders  from  his  Sovereign,  who  in  his 
Council  of  War  has  refolv’d  to  have  the  Place  taken. 

When  you  are  about  to  lay  Siege  to  a  Place,  confider 
whether  there  is  any  fear  that  an  Army  of  the  Enemies 
fiiould  Relieve  it  ;  or,  if  being  Matter  of  the  Field  you 
have  nothing  to  fear.  Firtt,  when  a  Succour  of  Men,  or 
a  Convoy  ot  Provifions  is  fear'd,  a  Rampart,  or  Eleva¬ 
tion  of  Earth,  with  Saliant  and  Re-entrant-angles  mutt 
be  made ,  which  is  call’d  Circumvallation ,  m  Lines 
which  defend  one  another,  call'd  Lines  of  Circumval- 
latioHj  and  which  Encompafs  the  Place  within  Can- 
non^fhot.,  . 

In  the  Second  Cafe,  that  is,  when  nothing  is  fear'd, 
it  is  fiifficient  to  difpofe  the  Qiiarters  of  the  Army  in 
due  order,  and  without  lofing  time  in  making  Forts, 
to  fall  about  the  Trenches  of  Approach^  which  are  Hol-’^ 
low  Ways  cover'd  with  a  Parapet,  on  that  fide  towards 
the  Place,  which  cover  and  bring  on  obliquely  the  Be- 
iieger's  Attacks  as  far  as  the  Counterfcarp. 

We  fhall  fpeak  more  particularly  of  the  Trenches  of 
Approach,  and  Circumvallation,  after  we  have  faid 
fomething  of  Field-Forts,  to  fpeak  afterwards  of  Bat¬ 
teries,  Galleries  and  Mines. 


Of  Field’ Forts, 

][^Ield* Forts,  call'd  alfo  Fortins,  are  not  only  ufeful 
-  for  Sieges,  but  alfo  for  Fortified  Places,  becaufe  fe- 
veral  Places,  which  are  commanded  by  fome  Eminence, 
or  which  have  their  Avenues  cut  with  Rivers,  Bridges, 
or  Rifing-Grounds,may  be  fecur'd  by  Field-Forts, ereded 
upon,  or  near  fuch  Places.  Therefore  thefe  Two  Reg¬ 
ions  oblige  ns  to  give  you  their  Conftrii6tion. 


How  to  huild  a  Fort  with  DemuBaJlions, 

Fort  with  Demi-Baftions  is  made  in  a  Triangular, 
Square,  on  Pentagon  Figure,  and  are  all  defcrib'd 
the  fame  way,  as  you  will  fee  in  the  Square,  which 
may  be  a  Model  for  the  Two  others. 


Fjrti/icalion  JPiate  Pa(^e  J^S 
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To  defcribe,  for  Example,  the  Demi-Baftion  EFG, 
lengthen  the  fide  AD  towards  G,  in  fuch  manner  that  F/^.  73. 
the  excefs  DG  be  equal  to  the  third  Part  of  the  faid 
fide  AD.  Make  alfo  the  Demi-gorge  DE  equal  to  the 
third  Part  of  the  fide  DC,  or  to  the  Capital  DG.  Laftly, 

Draw  at  E  the  Flank  EF  perpendicular  to  DC,  and 
equal  to  half  the  Demi* gorge  DE,  to  have  the  Face  GE. 

The  fame  wa}^  mufl  the  other  Three  Demi-Baftions  be 
made,  and  the  Square  will  be  Fortified,  to  which  mull 
be  added  a  Berme  and  Ditch  on  the  outfide,  and  on  the 
infide  a  Rampart  and  Parapet,  with  its  Banquette,  ac- 
corSing  to  their  breadth,  which  we  have  mark’d  in  the 
numbers  which  reprefent  Feet  in  the  Profil,  which 
will  be  eafily  defcrib’d. 

The  fides  of  fuch  a  Fortin  are  nfually  ly  or  2-0 
Toifes,  when  they  are  us’d  in  a  Circumvallation  ;  for  Fig.  74. 
thefe  Forts  are  much  larger,  when  they  are  put  to 
other  ufes,  as  to  pofiefs  ibme  rlfing  Ground,  to  flop  an 
Army,  to  guard  a  Bridge,  to  cut  off  and  hinder  a  Paflage, 

.^6“.  according  to  the  neceffity  of  the  Places  where  they 
^are  to  be  Ereâed.  The  Square  is  the  mofl:  convenient, 
and  common  of  all  Fortins,  which  is  fometimes  For¬ 
tified  with  double  Demi-Bafiions,  or  cut  Baflions,  as 
ABCD,  allowing  the  fifth  Part  of  the  fide  for  the  De- 
mi-gorges  D£,  CE,  and  as  much  for  the  perpendicular 
Flanks  EF  ;  or  only  the  fixth  Part,  and  drawing  Rafknt-  F/g.  75. 
lines,  which  where  they  meet  the  lengthen’d  fides,  will 
givç  you  the' Points  G, 

If  the  Square  be  longer  than  it  is  broad,  as  A,B,C,D, 

^whofe  length  AB  is  twice  the  breadth  BC,  flat  Ballions 
may  be  made  upon  the  middle  of  the  Two  long  fides 
AB,  DG,  allowing  for  the  Demi*gorge  EF,  and  the  per¬ 
pendicular  Flank  FG,  the  tenth  Part  of  the  fame  fide, 
and  making  the  Capital  EH  equal  to  the  Gorge  FF. 

You  may  do  as  much  upon  the  middle  of  the  little  fides 
AD,  BC,  or  only  make  the  ^4dvance  KLK,  allowing 
for  its  Demi-gorge  KI,  and  its  Capital  IL,  about  the 
fifth  Part  of  the  fame  fide, 

How 
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How  to  de  for  the  a  Redoult, 

pUîe'^6*  Jk  S  Redoubts,  call’d  alfb  ReduBsj  are  made  in  h'aftt 
77.  in  time  of  War,  in  a  Circumvallation  for  a  Corpss 
de  Guard,  and  to  fecure  the  Circumvallation  from  ai 
Contravallation,  and  to  defend  the  Lines  of  Approach  5; 
they  are  made  only  fquare,  without  any  Defence,  as^ 
ABCD,  whofe  fides  may  be  of  lo,  ly  or  ao  Toifes,  ac¬ 
cording  to  the  Capacity  of  the  Ground,  and  the  Num¬ 
ber  of  Men,  which  they  are  to  hold.  On  the  outfide? 
it  mull  have  a  Berme  and  Ditch,  and  on  the  infide  only^ai 
Parapet  with  its  Banquette,  according  to  the  breàdthi 
which  you  fee  mark’d  by  the  Numbers  that  exprefss 
^g^Feefin  the  Profil,  which  by  help  of  thofe  Numbers» 
*  may  be  eafily  drawn.  • 

How  to  defer  ibe  a  Star -Fort. 

'\'WJR  caU  Star-Fort^  or  only  Star^  a  kind  of  Re4* 
V  ¥  doubt,  made  of  Saliant  and  Re-entrant  Angles,, 
which  are  not  only  us’d  in  a  Circumvallation  to  fecure: 
its  Enceinte,  and  fortify  the  Quarters  of  a  Siege  ;  butt 
alfo  to  encompafs  forae  Poll  that  you  wou’d  prefer ve,, 
as  to  enclofe  little  Caüles,  Churches,  and  other  Places» 
which  are  near  Towns. 

This  Fortin  has  four,  five,  pi*  fix,  and  fometimes» 
^Ute  37-  fevenor  eight  Points,  or  Saliant  Angles,  of  <5o  Degrees» 
each  in  the  Square,  80  in  the  Pentagon,  and  po  jn  the: 
other  Polygons  :  And  confequently  its  half  KAC  is  ofi 
30  Degrees  in  the  Square,  of  40  in  the  Pentagon,  andî 
of  4Î  in  the  other  Polygons.  1 

The  line  DE,  which  is  parallel  to  the  Tenaille  AC,^ 
terminates  the  Berme,  FG  the  Ditch,  HI  the  Parapetc 
with  its  Tain,  and  the  line  KL  the  fpace  of  the  3  Ban- 
queues,  whofe  breadth  will  be  known  by  the  particular; 
Scale  of  the  Plan  ;  but  better  upon  the  Profil,  by  the; 

'  Number  of  Feet,  which  we  have  added  to  each  line. 

Tho’  we  have  given  different  Profils  for  thofe  Field- 
Forts,  we  are  not  oblig’d  to  flick  to  thofe  Meafures  as: 
necefiiry  and  invariable  Proportions:  For  the  Profils* 
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tnay  be  varied  as  the  Engineer  pleafes,  according  tb 
the  quality  of  the  Ground,  and  the  importance  of  the 
Fort. 

divers  JVays  of  F ortifying  an  Equilateral  T ri angle. 

BEcaufe  the  Equilateral  Triangle  is  too  imperfefl, 
not  having  Extent  enough  to  be  well  Fonified, 
we  have  not  treated  of  it  in  Regular  Fortification,  tho’ 
it  may  be  Regularly  Fortified  feveral  Ways,  as  you 
fliall  fee. 

ThtFirftfVay. 

First,  if  you  wou'd  Fortify  an  Equilateral  Tri  piate%%i 
angle,  as  ABC,  with  Baftions,  allow  the  fifth  Part  81, 
of  the  fide  AB  for  each  of  the  Demi-gorges  AD,BD,  and 
half  of  the  Demi-gorge  for  each  Flank  DE,  which  mufi 
be  perpendicular  to  the  Curtain,  then  thé  Point  F  of 
the  Bafiion  ,  will  be  found  by  the  interfiftion  of  the 
Rafant-Iines. 

As  one  cannot  avoid  having  the  Faces  too  long,  and 
the  flank’d  Angle  too  acute,  a  Ravelin  may  be  made  be^ 
fore  the  Curtain,  if  the  Plan  be  of  any  confequence,  as 
for  Example,  if  it  enclofes  an  Ifland  ;  for  if  it  is  but  a 
Field-Fort,  which  endures  no  Siege,  the  Ravelin  will 
be  ufelefs. 

The  Second  JVay. 

YOU  may  alfo  Fortify  an  Equilateral  Triangle,  as 
ACD,  by  creding  a  flat  Baflion  upon  the  middle 
of  every  fide,  allowing  the  fifth  Part  of  AB,  or  BCfot* 
each  Demi-gorge  DE,  and  perpendicular  Flank  EF,  and  > 
the  Capital  DG  miift  be  equal  to  the  Gorge  EE.  It  i$ 
plain  that  a  Triangle  thus  Fortified  is  only  fit  for  a 
Field-Fort,  becaufe  the  Faces  of  its  flat  Battions  are 
fcarce  defended  at  all. 

The  Third  JVay, 

WHEN  an  Equilateral  Triangle  is  defign’d  forai 
Field-Fort,  as  ABC,  it  is  ufually  Fortified 
Uemi-Battions  i  which  may  be  done  by  making  each 

L  Demi- 
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Demi-gorge,  as  CD  equal  to  the  fifth  Part  of  its  fide  BC, 
and  the  perpendicular  Flank  DE  equal  to  half  of  that 
Demi-gorge  ;  and  laftly,  lengthning  the  fide  AC  to  F, 
that  CF  may  be' equal  to  CD,  to  draw  the  Face  EF, 

The  Fourth  JVay, 

fame  Equilateral  Triangle  ABC  may  alfo  be 
JL  Fortified  with  cut  Bajiions^  call'd  alfb  (in  French) 
Battions  making  the  Demi-gorge  CD  equal  to 

the  fourth  Part  of  the  fide  AC,  or  BC,  and  the  perpen¬ 
dicular  Flank  DE  equal  to  half  the  Demi-gorge  CD  : 
Then  draw  a  Rafant-line,  to  take  upon  it  the  Face  EF 
equal  to  the  line  EC,  and  to  joyn  the  Tenaille  CF, 


The  Fifth  IVay, 

T  Attly,  An  Equilateral  Triangle,  as  ABC,  may  be 
-L/  well  enough  Fortified  with  a  Re-inforc'd  Tenaille, 
which  may  be  made  upon  its  Angles,'  when  there  is 
room  enough  in  the  Field,  or  time  to  fpare,  or  the 
Prince  will  go  to  the  Charge  of  it  ;  thus, 

Having  drawn  from  the  Center  D,  the  Radius  DA, 
Fig.  83.  DB,  DC,  draw  thro'  each  Angle  to  each  Radius  a  Per¬ 
pendicular,  as  EF  equal  to  the  Radius,  fo  that  each  of 
the  lines  CE,  CF,  be  equal  to  half  the  Radius  CD. 

Make  the  Demi-gorges  EG,  FG,  each  equal  to  the 
fifth  Part  of  the  fide  EF,  and  draw  from  the  Center  D, 
the  Flanks  GH,  equal  to  the  Demi-gorges.  Latt  of  all, 
draw  the  Rafant-lines  GHI,  to  take  upon  them  the 
Faces  HI,  each  equal  to  the  third  Part  of  EF,  and  to 
draw  thro*  the  points  I,  the  Wings  IK  parallel  to  the 
Flanks  GH,  and  the  whole  Triangle  will  be  of  good 
Defence. 


The  Fortification  of  one  of  the  garters  of  an  jûrmy. 

AS  an  Army  Beficging  a  Town  cannot  Encamp  all  in 
one  Place,  it  is  divided  into  feveral  Parts  or  Bodies 
of  Troops,  call'd  garter  s\  as  well  as  the  Ground  which 
they  are  Encamp'd  in,  whofe  Figure  is  that  of  a  long 
Square,  which  is  more  or  lefs  Fortified^  as  the  Enemy 


IS 
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is  more  or  lefs  to  be  fear’d,  which  we  fliall  firfl:  fpeak 
of,  without  any  regard  to  the  didributions  of  the 
Qitarters  and  Lodgments,  which  is  call’d  Titching  d 
Campy  (in  French  CâÜrametation)  becaufe  that  does 
not  belong  to  Fortification,  which  we'O'nly  pretend  to 
treat  of  here. 

Having  difpos’d  the  firft  Quarters  in  the  mofi  Advan¬ 
tageous  Polls,  for  Forage  and  Water,  and  the  leafl  ex¬ 
pos’d  to  the  Enemy,  and  efpeeially  in  Places  where 
Water  isj  if  poffible  ;  fuch  Places  as  are  too  much  ex-* 
pos’d  to  the  Enemy  mufi:  be  Fortified  with  Redents,  or 
Advances,  and  encompafs’d  with  a  Ditch,  at  leaffc  8  or 
lo  Foot  wide,  and  y  or  6  deep,  with  a  Parapet  likewife 
y  or  ^  Foot  high,  or  higher,  as  of  8  or  9  Foot,  and  8 
or  10  Foot  thick,  if  the  Enemy  be  fear’d.  This  Para¬ 
pet  ought  to  have  Two  or  Three  Banquettes,  to  raife 
the  Souidiers  high  enough  when  there  is  no  Rampart^ 
for  fometiraes  there  is  One  made  4  or  y  Foot  high,  and 
2  or  j  Toifes  thick;  Care  miifl  be  taken  that  the  Ditch 
be  always  towards  the  Enemy,  and  the  little  Rampart 
upon  its  edge  towards  the  Befiegers. 

Each  Angle  of  this  long  Square  may  receive  à  Ba- 
ftion,  and  a  fiat  Baflion  between,  or  only  Advances^  of 
Saliant  Angles,  taking  care  that  all  thofe  Works  be  not 
above  yo  or  60  Toifes  from  one  another,  that  their  de¬ 
fence  may  be  the  more  certain,  by  reafon  of  their  fmall 
height:  And  to  be  the  more  fecure,  towards  fuch  Places 
as  the  Enemy  is  fear’d  from,  feme  Fort  may  beÉreéled 
to  cover  thofe  Works  and  that  Quarter  :  Such  a  Fort 
may  be  like  one  of  thofe  whofe  Conflru6liôn  we  have 
taught;  and  all  the  Quarters  mini  always  have  betwixt 
them  and  the  Enemy  th€  Circuravailation,  which  we 
are  going  to  fpeak  of. 


^ , 

Of  the  C'ncmnvaUdtioH . 


The  Quarters  being  order’d,  yoh  nnifi  confider 

how  many  Forts  will  enclofe  the  Town,  and  form  mg.  86. 
the  Circumvallation,  if  you  would  have  one;  for  as  it 
is  Very  Expenfivc,  and  requires  a  deal  of  Time  to  be 
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rais’d,  it  is  iifnally  neglefted,  unlefs  there  be  a  Strong 
Garrifon  in  the  Place,  or  the  Enemy  has  an  Army 
Strong  enough  to  fuccour  the  Place. 

The  Figure  of  the  Circnmvallation  depends  upon 
the  Quality  of  the  Ground,  and  it  ought  to  have  as 
little  Compafs  as  poffible,  that  it  may  be  the  eafier  De- 
fended,  by  making  the  belt  ufe  of  the  Nature  and  Dif- 
poGtion  of  the  Ground.  Forts  muft  be  ftronger  or 
lighter,  as  the  Enemy  is  more  or  lefs  fear’d. 

¥late  Thefe  Forts,  if  poflible,  mufl  not  be  above  240,  or 
jr^^g^  or  2yc  Toifes  diftant  from  one  another,  that  is,  not 
above  twice  the  reach  of  Musket-fliot,  that  the  Musket- 
teers  from  Two  of  them  may  reach  that  diftance,  thofe 
of  each  Fort  fliooting  half-way:  And  if  you  fhou’d  be 
oblig’d  to  have  them  farther  diftant,  then  Tenailles 
muft  be  made  between,  or  Redoubts,  as  A,B,  which  muft: 
always  befquare,  or  in  a  Lozenge-form,  and  one  of  their 
Gdes  muft:  face  the  Field,  or  elfc  one  of  their  Angles, 
that  the  Gdes,  which  make  thofe  Angles,  may  be  de¬ 
fended  by  the  Line  of  Circnmvallation. 

Thefe  Forts  being  built  in  the  moft  Advantageous 
Places,  and  the  Redoubts  and  Tenailles,  where  there  is 
need  for  them,  the  Line  of  Communication  muft  be 
rais’d,  which  is  fo  call’d,  becaufe  it  makes  a  Communi¬ 
cation  between  all  thofe  Forts  ;  Redoubts  and  Tenailles^ 
being  a  continued  Ditch,  ix  or  ly  Foot  broad-,  and  y 
or  6  deep,  whofe  Earth  is  thrown  up  towards  the  E- 
nemy  to  cover  one’s  felf,  and  by  intervals  made  into 
Redoubts,  or  little  Advances  fhap’d  like  Ravelins,  as 
C,  to  flank  the  better. 

Thus  will  the  Circumvallation  be  finifh’d,  which, 
when  a  Succour  only  is  fear’d,  muft  be  erefted  againft 
that  Succour,  which  is  the  moft  iifual,  with  the  Ditch 
towards  the  Field,  and  the  Parapet  towards  thè  Place 
BeGeged,  upon  the  edge  of  the  Lftie  of  Circumvallation. 
The  Musketeers  fhoot  ov^r  that  Parapet,  which  for 
vc  that  reafon  muft  have  One  or  Two  Banquettes  ;  or  elfc 
it  may  have  Embrafnres  of  Brick,  a  Foot  and  a  half 
wide  on  the  outGde. 


But 
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But  if  there  be  a  Strong Garrifon, or  an  Army  (helter’d 
in  the  Place  Befieg’d,  you  muft  do  the  reverfe,  and  raife  ‘ 
the  Circumvallation  againft  the  Town,  which,  in  fiich 
a  cafe,  is  call'd,  Contravallation^  and  Counter- Line ^  as 
in  the  Figure.  If  tlje  Enemy  be  fearM  on  all  fides,  a 
Second  Circumvallation  mufl  be  made,  whofe  inward 
Line  or  Contravallation  is  of  ufe  againfl  the  Town,  to 
prevent  Sallies ,  and  the  outward  Line  is  Fortified 
againft  the  Field,  to  refill  the  Enemy,  who  might  ad¬ 
vance  to  raife  the  Siege. 

Betwixt  the  Circumvallation  and  the  Contravalla¬ 
tion,  that  is,  betwixt  the  inward  and  outward  Circum¬ 
vallation,  a  Space  muft  be  left  large  enough  for  a  Place 
of  Arms,  that  when  a  Succour  comes,  thère  may  be 
room  enough  to  make  the  Baflions  defign’d  to  fuftain 
the  Enemy's  fhock,  who  might  come  as  well  from  the 
Field  as  from  the  Place  Befieg'd. 

When  the  Garrifon  is  Strong,  the  Befiegers  break 
Ground  firft  by  the  Contravallation,  to  make  it  after¬ 
wards  a  Circumvallation.  The  Lines  which  run  from 
one  Work  to  another,  are  call'd.  Lines  of  Communica¬ 
tion^  2iXià  the  Ditch  of  the  Contravallation,  which  is 
towards  the  Town,  to  hinder  Sallies,  is  call'd,  Line 
njoithin  fide  ;  and  Line  without  fide  is  the  Ditch  of  the 
Circumvallation,  which  is  towards  the  Field,  to  hinder 
Relief.  Laftly,  The  Line  of  Circumvallation  is  call'd, 
7)efenfive-Line^  becaufe  it  is  only  made  to  defend  and 
cover  one's  felf;  And  the  Line  of  Contravallation , 
which  is  between  the  Camp  and  the  Place,  and  which 
fecures  the  Befiegers  againft  the  Town,  is  call’d  Offen* 
Jive-Line ,  becaufe  it  affords  a  means  to  Attack  the 
Place,  by  opening  the  Tienches  ^  that  is,  beginning  to 
work  upon  the  Trenches,  which  have  their  Tail  or  be¬ 
ginning,  always  turn'd  towards  the  Befiegers. 

The  Conftruâion  of  the  Forts  is  eafy  from  what  has 
been  taught,  and  their  Figure  is  a  Square,  or  Pentagon, 
or  at  moft  an  Hexagon,  either  with  Baftions,  or  only 
in  a  Star-form,  as  we  have  already  faid  ;  the  Front  ought 
to  have  at  leaft  lo  Toifes,  and  may  be  bigger,  of  10 

L  I  Toifes 
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Toifes  if  you  think  fit,  according  as  the ‘Ground  is, 
and  the  Number  of  Men  that  are  to  be  a  Guard  in  them, 
and  then  it  raufl  be  confider'd  whether  the  Place  be  ex¬ 
pos’d  to  the  Enemy,  or  whether  there  be  any  likely- 
hood  of  his  giving  Attack  that  Way;  for  if  it  be  fo,  the 
Fort  mu  ft  be  made  greater,  and  to  hold  more  Men. 

Lines  of  Circnravallation  and  Contra vallation  are 
but  like  a  Trench,  carried  on  from  one  Fort  to  another, 
and  they  muft  fall  in  about  the  middle  of  a  Fort,  to  be 
enfiladed  and  defended  by  it.  Thofe  of  the  inward  Cir- 
cum  vallation,  which  are  neareft  to  the  Place,  muft  al¬ 
ways  be  out  of  Cannon-fhot,  unlefs  when  you  have 
Rideaux  and  cover’d  Pofts  ;  for  then  you  may  come 
nearer:  And  thofe  of  the  outward  Circumvallation 
ought  not  to  be  very  far,  except,  when  you  wou’d  take 
in  Eminences,  from  which  the  Enemies  might  Infçfj 
the  Quarters,  and  Force  the  Lines, 

Of  Bridges  for  the  Communication  of  the  garters, 

WH  EN  a  great  River  pafles  thro’ a  TownBefieg’d, 
Forts  muft  be  built  on  each  fide,  erpecially 
where  the  River  comes  into  the  Town,  which  place  fs 
higher  than  the  Town,  to  cover  the  Bridge  of  Boats 
that  is  made  over  it,  to  go  from  one  Fort  to  another, 
and  that  the  Quarters  of  the  Army  may  help  one  an¬ 
other  :  For  without  a  Bridge  and  a  Communication,  the 
Army  wou’d  be  too  much  divided,  tho’  but  into  Two 
Bodies,  which  the  Enemy  might  more  eafily  Attack 
and  Defeat. 

We  have  faid  that  this  Bridge  ought  rather  to  be 
upon  the  upper,  than  upon  the  lower  part  of  the  River, 
becaufe  a  Bridge  below,  might  be  burn’d  or  deftroy’d 
by  a  Boat  fill'd  with  Fire-Works,  or  laden  with  great 
Stones,  and  fent  fwiftly  down  from  the  City.  This 
may  be  remedied  feveral  Ways,  efpecially  by  loofing 
the  Cables  which  hold  the  Bridge,  where  you  fee  a 
a  Boat  come,  which  piifliing  the  Bridge  on  one  fide  will 
go  by,  and  be  of  no  effedl. 

i  ■ 
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This  Bridge  ought  to  be  well  guarded,  Day  and 
Might,  and  its  breadth  mufl  be  20,  or  xy  Foot,  that 
Two  Carts  a-breaft  may  pafs  over  it,  with  room  to 
fpare  befides  for  the  Foot.  The  Boats  which  fuflain  it, 
ought  to  be  all  of  the  fame  height  and  length,  that  the 
Bridge  may  be  even,  and  of  an  equal  breadth  all  over  : 
They  mull:  be  in  a  Right-line,  and  may  be  12,  or  isr 
Foot  from  one  another.  They  are  ufually  of  Wood, 
fometimes  of  Copper,  and  joyn’d  with  Beams,  which 
are  cover'd  with  ftrong  Planks. 


Of  Batteries, 

'HEN  you  begin  the  Circumvallation,  you  mufl: 
raifefbme  Batteries  againfl  the  Befieg’d,  to  fup- 
port  the  Pioneers  that  work  in  the  Trenches,  behind 
which  yon  muft  have  other  Batteries  nearer  the  Place 
Befieg’d,  as  G,H,  to  break  its  Defences,  and  difmount 
the  Pieces.  Thefe  ought  not  to  be  above  160  Toifes 
diftant  from  the  Place,  becaufe  otherwife  their  Guns 
wou'd  not  have  ftrength  enough  to  break  the  Defences, 
and  ruin  the  Parapets.  But  they  ought  not  to  be  too 
near  the  Place,  leafl  their  fhot  Ihou’d  graze  over  the  ' 
Parapets,  and  be  made  upwards  too  obliquely. 

There  arc  lèverai  forts  of  Batteries,  which  we  have 
fpoken  of  elfewherc,  and  therefore  (hall  not  now  De- 
feribe:  We  fhallonly  fay  that  buried  Batteries  are  the 
molt  us’d,  in  carrying  on  Approaches,  and  ruining  the 
Parapets  and  Defences  of  a  Place  ;  and  that  high  Bat¬ 
teries  are  feldom  us’d,  except  when  you  can  play  dc 
Bevers  upon  the  Enemy’s  Fortifications,  which  peiiers 
him  fadly,  and  often  obliges  him  to  Surrender,  as  it 
happen'd  at  the  Citadel  of  Befancon^  befieg’d  and  taken 
by  the  King,  in  the  Year  167^. 

And  that  Crofs- Batteries^  are  Two  Batteries  which 
play  a-thwart  one  another  upon  the  fame  thing,  form-  * 
ing  there  a  right  Angle,  or  one  pretty  near  it,  and 
beating  with  more  Violence  and  Deftrudlion,  becaufe 
what  one  Bullet  (hakes,  the  other  beats  down.  Pretty 
near  fuch  are  the  T wo  Batteries  G^H,  to  make  a  Breach 
in  the  oppofite  Face  KL  L  ^  And 
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And  laftly,  that  buried  Batteries  are  made  by  digging 
in  the  Ground  a  place  for  the  Cannons,  and  throwing 
up  the  Earth  on  either  fide  towards  the  Town  Befieg^d, 

'  Thefe  Batteries  cannot  be  feen  by  the  Enemy's  Cannon, 
as  the  others  are  ;  but  then  they  are  not  fo  efFeftnal, 
becaufe  they  can  only  dilcover  the  tops  of  the  Parapets 
rais’d  above  the  Rampart. 

Batteries  ought  not  to  be  very  far  from  the  Quarters, 
or  Forts  which  defend  them,  that  they  may  be  fafe 
againfl:  the  Enemy’s  Sallies,  who  might  come  and  Nail 
up  the  Cannon ,  that  is,  make  it  itfelefs,  by  driving  a 
great  Nail,  or  Pebbles,  into  the  Touch-hole. 

When  the  Trenches  are  made  firft,  the  Battery 
ought  to  be  betwixt  the  Trenches  anda  Redoubt,  as  E, 
that  its  Entrance  may  be  the  better  defended.  You 
may  alfo  fliut  up  the  Batteries  in  a  Eforn-Work,  as  F, 

,  or  in  any  other  Work  that  has  a  good  Ditch,  and  may 
be  defended  by  the  Musketeers  from  the  Sallies  of  the 
Bcfieg’d. 

One  cannot  exafily  fix  the^  breadth  of  a  Battery,  be- 
caufe  it  depends  upon  the  number  of  the  Pieces  which 
*  you  wou’d  fetin  it.  When  the  Number  is  determin’d, 
multiply  it  by  i  i  for  the  breadth  of  the  Battery, becaufe 
the  Gannon  mull  be  ix  Foot  from  one  another,  that 
there  may  be  room  to  ferve  and  charge  the  Cannon. 

.  Thus  lor  4  Pieces  of  Cannon,  AB,  the  breadth  of 

ir^Jg^thc  Battery  muft  be  of  about  48  Foot,  without  the 
length  of  the  lines  AC,  BC,  which  is  about  y  Foot, 
and  CD  the  breadth  of  the  Parapet,  which  is  but  of  5 
Foot,  becaufe  it  is  on  the  fide  :  For  EC  the  breadth  of 
the  Parapet  which  covers  the  Cannons,  ought  to  be  of 
ly  Foot  at  lealt. 

But  EH  the  cîcpthof  the  Battery,  is  always  Thirty 
Foot  over,  or  thereabouts,  becaufe  the  Cannons 
mounted  upon  their  Carriages ,  are  ufually  I'y  ,  or 
18  Foot  long,  and  it  mull  have  to,  or  11  Foot  to  recoil 
in.  The  breadth  EG  of  the  Floor  is  of  about  ly  Foot, 
and  confeqnently,  GH  the  remaining  part,  is  alfo  of 
Fifteen  Foot.  The  Entrance  IK,  is  of  Twelve  Foot, 
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and  the  empty  fpace  remaining,  of  about  Thirty  Five 
Foot,  as  KL.  ^^5.87/ 

We  had  already  faid  that  EG  the  Floor,  or  Bed  of 
the  Battery  mufl  be  made  of  good  Oaken  Planks,  naifd 
a-crofs  Beams,  to  hinder  the  Wheels  of  the  Carriages 
from  finking  into  the  Ground,*  and  that  this  Floor  or 
Platform  mufl:  incline  a  little,  as  about  One  Foot,  to¬ 
wards  the  Parapet,  to  check  the  recoiling  of  the  Pieces, 
and  that  they  may  eafily  bereflor’d  to  their  places,  and 
made  ready  to  fire. 

Here  you  mufl  Npte,  that  GH,  the  remaining  part 
of  the  Battery,  is  cover’d  \^!th  flrong  Hurdles^  which 
are  made  of  Boughs  of  Trees,  ftrongly  Work’d  together, 
that  one  may  walk  upon  them  without  being  dirtied  by 
the  Earth,  which  is  very  troublefom,  when  it  is  Clay. 

A  Bridge,  or  Way  IK,  is  made  in  the  Ditch,  to  go 
into  the  Battery,  about  12  Foot  wide,  and  behind  the 
Battery  a  fpace  Q  is  digg’d  in  the  Earth,  to  put  Ammu¬ 
nition  in  :  It  is  cover’d  over  with  Leather,  or  Hair- 
deaths,  to  keep  fire  from  the  Powder,  which  mufl  be 
there  but  in  a  little  quantity  at  a  time. 

M,  Reprefents  the  Steps  to  go  up  to  the  Platform  of 
the  Battery.  The  refl  may  be  eafily  conceiv’d  by  a 
fight  of  the  Figure,  whofc  meafiircs  as  well  as  thofe  of 
the  Profil,  at  bottom,  may  be  known,  if  you  meafure 
upon  the  Scale,  which  is  common  to  the  Plan  and  Pro¬ 
fil  ,  N,  the  breadth  of  the  inward  Talu,  O,  the  breadth 
of  the  outward,  P,  that  of  the  Berme,  or  Liziere, 

The  Parapet  which  covers  the  Cannons  nuifl  have  as 
many  Embrafii res  as  Pieces,  as  here  Four  Embrafures 
for  Four  Cannons.  The  Parapet  is  Six  Foot  high,  the 
Embrafures  Three,  which  are  (hut  up  with  great 
Planks  Musket- proof,  that  the  Enemy  may  not  fee  what 
is  done  in  the  Batteries  :  And  to  deceive  him  the  better, 
you  rpay  make  more  Port-holes  than  they  have  Can¬ 
nons. 

To  batter  a  Flank,  it  is  iifually  oppos’d  by  as  many 
more  Cannons  as  thofe  in  it  :  And  becaufe  Batteries, 
made  for  that  dtfign.  are  oppofite  to  one  of  the  Flanks 

of 
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87  °“Sht  to  have  a  little  Parapet  on  thau 

'-fide,  as- AC,  or  BC,  which  we  have  made  but  Six  Foou 
wide,  and  it  ought  to  be  of  the  lame  height,  tofecurc; 
thole  that  look  after  the  Cannons. 

Sometimes  we  are  oblig’d  to  make  high  Batteriess 
either  by  the  Situation  of  the  Ground,  or  the  Enemy’ 
Works,  or  to  play  upon  him  de  Revers,  which,  ii  i 

luch  a  cale,  are  call  d  Cavaliers,  or  Platforms  i  ToworJi 

at  them,  pieces  of  Cloath  mult  be  extended  upon  up?! 
right  Poles,  to  hide  the  Work-men  ,■  and  you  may  hanti 
up  feveral  pieces  where  you  don’t  defign  to  Work,  ted 
deceive  the  Befieg’d. 

Of  Trenches. 

•’  I  E  Circumvallation  being  ended,  and  fiirnilh’dc 
with  Forts,  Redoubts,  Fortfiis,  Sconces,  ^c.  If  thee 
Wace  is  to  be  taken  by  Famine,  there  is  nothing  morec 
to  do,  but  to  difpofe  the  Artillery  in  the  moll  conve-'- 
luent  Polls,  and  to  give  orders  for  the  Subfiftence  of 
the^Army  ;  but  if  the  Place  is  to  be  forc’d^  Trenches.' 
mult  be  carried  on,  which  are  alfo  call’d  Z/wr  e/ .4». 
proMh,  or  only  jdpproaches,  which  you  mull  begin  140,, 

'  Counterlcarp,  to  avoid  Mus- 

Jcet-lhot,  and  this  mull  be  done  in  the  Night,  when  the- 
place  has  been  pitch’d  upon  by  Day  -,  and,  in  fucb  ai 
cale,  a  good  Geometrician  has  a  great  Advantage,  be- 
caufe  when  he  has  well  obferv’d  the  Situation,  by  the; 
help  of  a  Magnetick  Needle,  he  may  make  his  Trenches! 
in  luch  manner,  that  they  fhall  not  be  enfiladed,  whichi 
IS  the  greatell  fault  in  Trenches.  Belides,  becaufe- 
Souldiers  are  to  mount  the  Guard  in  the  Trenches,  they 
might  to  be  full  Six  or  Seven  Foot  deep,  and  Ten  or 
TweWe  broad,  and  the  Earth  digg’d  out  of  them  mull 
be  thrown  up  towards  the  Enemy,  to  make  a  kind  of  !i 
iUtt  59  Parapet.  The  T wo  chief  Trenches  here  a  re  LM,  NO, 
85.  °^’:ween  which  there  is  an  Horn-Work  built  for  the  b 
Souldiers  to  aflembJe  in. 

It  is  proper  to  make  upon  the  Wings  of  each  Trench 
towards  the  Field,  Lodgments  or  Epmkments  ^  after  i 

the  :: 
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,,e  manner  of  Travcrfes,  as  well  to  keep  in  the  Be-  pun  59. 
eg’d,  as  to  tavour  the  carrying  on  of  the  Trenches,  8<5. 
y  fuppdrting  the  Pioneers .  Thefe  Lodgments  or  E- 
laulements  are  fmall  Trenches,  which  face  the  place 
lefieg’d,  and  have  one  end  in  the  great  Trenches. 

.  Platforms  for  Batteries  are  made  behind  the  Trenches, 

Is  we  have  faid  elfe  where  :  thus  the  firlt  are  at  fome 
iiiftance  from  the  Place,  as  E,  and  are  only  defign’d 
^gainft  Sallies  ;  Then  as  the  Trenches  are  carried  on 
Éearer,  Batteries  are  erefted  nearer,  as  GH,  to  ruin  the 
defences,  that  is,  the  Parapets,  and  to  difmount  the 
.rtillery  of  the  Place.  Lafl  of  all,  the  Batteries  to  make 
Breach,  are  fuch  as  are  nearefl  to  the  Counterfcarp, 

is  we  (hall  fay  hereafter.  , 

Trenches  that  are  carried  on  in  winding  lines,  are 
;ood,  but  they  are  not  fo  foon  made  as  thofe  that  arc 
.ontinued  in  the  fame'  line.  Their  lines  ought  to  be 
defended  with  Redoubts  àt  every  too  Toiles,  into 
which  one  may  retire ,  if  repell’d  by  too  vigorous  a 
Sally.  The  Parapet  of  thefe  Redoubts  ought  to  be 
higher  than  that  of  the  Trenches,  and  ftronger,  with 
a  Ditch  round  about;  and  alfo  4ory  Foot  higher  than 
the  level  of  the  Field. 

After  the  Redoubt,  which  is  to  flank  T wo  T tenches, 
you  may  alter  your  direâion,  and  turn  to  the  right,  it 
the  Trench' has  been  carried  on  to  the  left,  as  at  O  : 

Or  turning  to  the  left,  if  the  Trench  has  been  carried 
on  to  the  right,  as  at  N.  If  neceflity  obliges  you  to 
make  any  enfiladed  Trenches,  yoij  muft  cover  them 
from  the  Enemy,  with  Gabions,  or Fafcines’:  Or  at 
leaf!  every  noW  and  then  raile  a  Parapet  to  cover  part  of 

fuch  a  Trench.  . 

Thefe  Fafcines  are  rang’d  and  heap’d  up  upon  Two 

or  more  Chandeliers^  which  are  upright  Stakes,  as  AB,  3,^ 

CD,  rais’d  upon  a  piece  of  Wood,  as  EF,  to  fupporc 

Planks,  Boughs,  Fafcines,  and  generally  all  that  can 

cover  the  Befiegers,  to  hinder  the  Enemy  from  feeing 

what  is  done  behind.  • 

When 
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When  the  Trenches  are  at  the  Glacis,  and  face  thi 
Place  Beficg’d,  the  Pioneers  are  cover’d  above  witt 
Blindly  which' are  pieces  of  Wood  laid  a-crofs  over  tb 
.  Trench,  tofuftain  the  Bavins,  or  Hurdles,  laden  witt 
Earth,  which  cover  the  Work-men,  and  defend  therr 
from  the  Fire- Works  and  Stones,  which  the  Enera 
might  throw  upon  them* 

4r.  The  little  Trenches,  which  run  from  one  Trench  w 
Fig.  87-  the  other,  when  there  are  Two,  to  defend  with  morr 
cafe  that  which  (hou’d  be  firfl  Attack’d  by  the  Befiegedi 
are  call’d  Boyaux^  which  miift  have  alfo  Redoubts,  03 
Demi- Redoubts  at  feveral  diftances.  This  Boyau  oughi 
to  be  carried  on,  getting  Ground  towards  the  Place? 
and  as  they  might  be  e^Vd  near  the  Counterfearpss 
they  muftbe  made  parallel  to  the  Curtains  of  the  Placée 
to  fire  upon  thofe  that  may  appear  upon  the  Rampart: 
and  fo  favour  the  Sappe  and  the  Lodging  upon  th§i 
Counterfearp.  r 

Of  Æ tacks  of  Approach. 

An  Attack  of  Approach^  or  Attack  of  a  Siege^  is  thu 
carrying  on  of  Trenches  made  to  cover  one’s  fell 
in  approaching  a  Place  that  one  wou’d  become  Maften 
oH  Tho’  you  wou’d  make  but  one  Attack,  yet  feverai 
muft  be  begun,  to  dccieve  the  Enemy,  divide  hiii 
Forces,  and  favour  the  true  Attacks,  which  are  call’c: 
Bight  Attacks^  when  they  are  made  in  form,  that  isi 
carried  on  with  Regular  Works,  fuch  as  we  (hall  fpeali^ 

of  ;  other  Attacks,  which  are  feign’d,  are  call’d  Falfè 
attacks.  ' 

The  Attacks  of  Fig.  S6.  having  been  only  ligEtly’ 
drawn,  to  (hew  you  the  way  to  carry  on  Trenches,  and; 
Forts  which  defend  them,  is  not  fufficient  to  give  you 
a  true  Notion  of  a  Right  Attack;  wherefore  we  will 
give  you  other  Figures,  where  this  way  of  Attacking 
will  be  explain’d  more  particularly,  and  exaéily,  ac¬ 
cording  to  the  different  Methods,  which  have  feem’ct 
be(l  to  me,  and  which  are  nioft  efleem’d  of. 
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The  Fîtjl  Kind  of  Ætackj. 


WE  fiiall  begin  by  the  moft  Simple  Attack,  which 

you  may  comprehend  by  barely  feeing  the  87. 

gure.  Having  then  begun  the  Trench  AB,  within 
Musket  or  Cannon-fhot,  or  farther  off,  when  you  fear 
lead  it  fhou’d  annoy  the  Work-men,  in  fuch  manner 
that  it  be  not  enfiladed^  or  feen  dircflly  from  the  op- 
pofite  Baftion  C,  (otherwife  its  Parapet  wou'd  not  cover 
the  Souldiers,  and  it  wou'd  be  impoflible  to  day  m  it) 
you  may  make  at  its  end  B  a  Redoubt  to  flank  that 
Trench  AB,  and  its  turning  off  at  E  quite  to  D.  This 
Trench  AB  mud  be  begun  in  the  Night,  appointing 
4  or  y  Foot  for  each  Pioneer,  who  mud  there  cover 
himfelf  as  fad  as  he  can  with  the  Earth,  which  he  mud 
throw  before  him  for  a  Parapet,  which  need  not  be 
higher  than  5  Foot  above  the  Ground, becaufe  theTrench 
being  as  deep,  the  Parapet  will  be  6  Foot  above  the  bot¬ 
tom  of  the  Trench,  and  confeqnently  capable  to  cover 
the  Men,  wherefore  it  mud  have  a  Banquette. 

On  either  fide  of  the  fird  Trench  AB,  Bodies  of 
Horfe  and  Foot  as  L,M,  mud  be  poded  about  200  or 
30c  in  number,  to  fupport  and  defend  the  Pioneers, 
who  work  thus  ;  The  fird  work  upon  their  Knees,  and 
only  make  a  little  Ditch,  which  thofe  that  follow 
widen  and  dig  down  by  degrees.  The  Work  mud  be 
follow'd  fo  clofe  that  the  Trench  with  the  Redoubts, 
and  Lodgments  in  jt,  may  be  ready  before  Day,  to  de¬ 
fend,  if  need  be,  as  well  the  Souldiers  that  w^ork  in 
them,  as  Batteries  that  may  be  made  in  them,  to  con¬ 
tinue  more  powerfully  by  Day,  againd  the  Sallies  of 
the  Befieged.  The  Work-men  rand  be  chang’d  every 
Morning,  that  the  frefh  Pioneers  may  end  by  Day,  what 
the  others  begun  in  the  Night. 

The  Places  where  the  Trenches  are  to  be  open’d,  ^ 
mud  be  mark’d  by  the  Marfhal  of  the  Camp,  or  by  the 
General:  And  if  there  be  any  Houfe  which  can  cover 
from  the  Artillery  of  the  Place,  there  the  Trenches 
may  be  open’d,  (if  there  be  but  a  little  fpace  ol  Ground 
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enjil'dh^  the  Befieg'd  in  yonr  way  to  it)and  the  Pioneers { 
fent  under  cover  of  Mantelet which  are  great  wooden  i 
Planks,  ufually  of  Oak,  y  Foot  high,  ^  Foot  wide,  and! 
about  I  Inches  thick,  to  be  Musket-proof  :  And  to  make: 
them  ftrongcr,  their  thicknefs  is  increas’d  with  Two  ! 
or  Three  Planks  bound  together  with  Iron. 
jpMff4r.  Thefe  are  call’d  Jingle  Mantelets  ;  forV(9«^/<f  ones,  as. 

Tig.  are  made  with  Planks  that  are  double,  and  have 

Earth  between  them,  and  which  are  us’d  in  Approaches, , 
and  in  making  Batteries  near  the  Place  Bcfieg’d,  thefc 
are  upright  upon  Wheels,  and  Men  wheel  them  before 
them,  where-cver  they  pleafe. 

By  Opening  the  Trenches^  we  iindcrfland,  beginning; 
to  work  in  them,  and  by  Carrying  on  the  Trenches^  going , 
on  with  the  Work  in  the  Trenches,  whofe  end  as  B, 
which  is  towards  the  Place,  is  call’d  the  Head  of  the 
Trenches;  and  A,  the  other  end,  which  is  towards  the 
°  Befiegers,  is  call’d  lYitTaihf  the  Trenches.^  as  we  have 
faid  ellcwhere. 

When  you  come  to  the  end  of  the  Line  of  Ap¬ 
proaches,  as  O,  H,  within  5-  or  ê  Foot  of  the  Saliant 
Angle  of  the  Glacis,  you  mufl:  begin  to  pierce  or  dig 
thro’  the  Counterfcarp,  which  is  call’d  Sapping^  to  pafs 
the  Glacis,  and  fo  open  a  Way  to  come  cover’d  to  the 
pallage  of  the  Bitch,  after  all  the  Enemies  EfFdrts  to 
hinder  the  Trenches  have  been  furmounted,  and  that 
in  rpight  of  their  frequent  Sallies,  they  have  been 
carried  on  as  far  as  the  Efplanade,  which  will  be  done  fo  ' 
much  more  ealily,  if  the  Lines  or  Boyaux  IH,  FO,  be  > 
made,  and  be  well  lin’d  with  Musketeers,  who  by  their  ' 
confiant  Fire  may  keep  the  Befieg’d  from  oppofing  your 
defign  of  palling  the  Ditch. 


The  Second  Kind  of  Attacks. 


OU  have  in  Fig,  90.  a  Second  Sort  of  Attacks ^ 
which  is  underllood  as  foon  as  feen  :  Wherefore 
we  fliall  ufe  but  few  Words  to  explain  them. 

Firfl,  you  mufl  deferibe  a  great  Place  of  Arms,  as  A, 
60  Toifes  long,  Musket-fhot  diftant  from  the  laft  Out- 


Works, 
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Works,  and  parallel  to  the  Curtain  which  joyns  the 42 
Two  Baftions,  to  which  you  wou’d  carry  on  the  9°* 

Attacks,  which  this  Place  of  Arms  is  common  to, 
where  you  may  place  Two  Battalions  of  Foot,  One  at 
each  end,  and  in  the  middle  a  Squadron  ofHorfe. 

The  Two  Trenches  are  made  at  the  end  of  the  Place 
of  Arms  in  a  ftreight  line,  or  a  little  inclining  to  the 
Place  Attack’d,  according  to  the  length  of  the  outward 
fide  of  the  Place,  yet  in  fuch  manner  as  not  to  be  enfiVd 
from  it,  upon  each  of  which  are  to  be  made  little  Places 
of  Arms  parallel  to  the  firft,  which  is  the  biggeft  of 
all,  ly  Toifes  diftant  from  one  another,  and  ay  Toifes 
long. 

Between  the  Two  firft  little  Places  of  Arms  there 
are  Boyaux  parallel  to  the  great  one,  between  which 
you  fee  a  great  Battery  B,  capable  of  10  Pieces  of  Can¬ 
non  ,  made  in  an  Arch,  or  in  the  form  of  part  of  a 
Circle,  that  it  may  play  every  way,  and  it  has  a  Cora-  ^ 
munication  with  the  Two  Boyaux,  that  you  may  go 
cover’d  to  it. 

As  the  ends  of  the  third  Place  of  Arms  within  fide, 
arc  Two  little  Batteries  C,  each  capable  of  Two  Pieces 
of  Cannon,  to  break  the  Faces  of  the  Ravelin,  which 
may  be  done  with  the  raore  eafe  the  nearer  they  are  to 
a  parallel  to  thofe  Faces,  becaufe  Balls  fhot  at  right 
Angles  do  more  Execution  than  fuch  as  are  fliot  ob¬ 
liquely. 

At  the  ends  of  the  fourth  Place  of  Arms  within  fide. 

Two  long  Boyaux  D  arc  drawn  parallel  to  the  Curtain, 
which  come  towards  O  in  a  Right-line,  each  of  them 
of  about  lo  Toifes,  to  cover  the  Musketeers,  who,  as 
we  have  faid  elfe  where,  muft  make  a  continual  Fire, 
whilft  Lodgments  are  made  upon  the  Counterfearp,  as 
E,F,  which  muft  have  a  Communication  with  the  Place 
of  Arms,  as  E,  of  with  the  Trenches,  as  F. 

This  continual  Fire,  with  that  of  the  four  [aft  places 
of  Arms  of  the  Two  Attacks,  and  the  Three  Batteries, 
will  hinder  the  Miisketcersof  the  Place  from  firing  upon 
thofe  that  Work,  caufing  them  to  lofe  their  fliots  in  the 

Air: 
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Air  :  Now,  tho'  thé  Cannon  mnft  Fire  continually^  yet 
it  mud  not  (hoot  far  Camarade^  that  is,  all  the  Pieces 
ought  not  to  Fire  at  the  fame  time,  but  one  after  an¬ 
other,  otherwife  their  Fire  wou’d  not  be  continual, 
becaufe  there  is  fome  time  requir’d  to  charge  and  re- 
ilore  them  to  their  places. 

To  hinder  the  Lodgment  upon  the  Saliant  Angles  of 
the  .Counterfcarp  from  being  feen  and  enfiladed  of  the 
'  Place,  or  from  the  Out-Works,  they  muft  be  cover’d 
with  good  Epaulements  Cannon-proof  as  H,I,  and  Two 
others  areto  be  rais’d  alfo,  to  facilitate  the  pafling  of  the 
Ditch,  in  order  to  bring  up  the  Miner,  or  Storm,  or  to 
give  Affaultf  that  is,  to  mount  the  Breach,  or  fcale  the 
Place.  The  Lodgments  F,  made  upon  the  Saliant  Angle 
of  the  Counterlcarp  of  the  great  Ditch,  ought  to  have 
Two  Batteries  G,  of  Two  Pieces  of  Cannon  each,  to 
break  the  Flanks  of  the  oppofite  Baflions ,  without 
whichit  is  very  hard  to  pafs  the  Ditch. 

While  you  are  carrying  on  the  Two  Attacks,  the 
Work  mult  go  on  equally  on  each  fide,  that  the  Two 
Attacks  may  be  ready  at  one  time,  and  that  the  Befieg'd 
by  their  Sallies  may  not  take  the  weakeft,  which  wou’d 
be  that  which  is  leaf!  advanc’d.  All  the  Places  of  Arms 
mull  be  ly  Foot  broad,  and  4  deep,  with  a  Parapet  3 
Foot,  or  more,  above  the  level  of  the  Field,  and  there 
muft  be  in  ail  about  p  Foot,  from  the  bottom  of  the 
Place  of  Arms  to  the  top  of  its  Parapet,  becaufe  the 
Earth  cannot  be  prefs’d  and  beaten  together  fo  well  as 
that  of  the  Rampart  and  Out-Works  of  Places,  which  , 
are  made  more  leifurely  and  freely.  i 

The  Sqqadron  of  Horfe,  and  the  Two  Battalions  of 
Foot,  which  we  have  polled  in  the  great  Place  of  Arms 
A,  ferve  to^d^f^nd  the  Trenches  :  And  to  go  on  in  order, 
as  foon  as  the  Two  firft  little  Places  of  Arms  of  the 
Two  Attacks  are  made,  half  of  each  ^attalion  mull  be 
plac’d  in  them,  who  mult  flay  there  24  Hours  :  And 
whennbe  Two  following  Places  of  Arms  towards  the 
Town  are  made,  thefe  Two  lafl  Battalions  mull  be 
polled  in  them,  that  their  place  may  be  fupplied  by 

thofe 
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tîîofe  that  were  left  in  the  great  Place  of  Arms  :  And 

likewifc  when  the  two  third  Places  of  Arms  are  made, 

the  Battalions  of  the  two  fécond  mud  go  into  them, 

and  their  places  mud  be  fiippiy'd  by  thofe  of  the  two 

'  firft,  which  in  the  mean-time  mud  be  taken  up  by  half 

the  Horfe,  and  fo  on.  . 

• 

The  Third  Kind  of  Attacks^ 

This  Third  Kind  of  Attacks  is  good,  when  ûit  Plate 
Place  to  be  Attack'd  has  a  very  long  outward  9 
fide,  for  in  fuch  a  cafe  you  cannot  Attack  with  Two 
ftraight  Trenches,  becaufe  it  wou’d  be  hard  to  hinder 
One  of  them  from  being  enfiPd  by  the  Place;  therefore 
One  only  (hall  be  made  in  a  draight  line,  as  AB,  along 
the  middle  of  the  firft  Place  of  Arms  CD,  and  loo 
Toifes  diftant  from  the  outward  fide,  in  fuch  manner 
that  the  Trench  AB  be  not  enfil'd  from  the  oppofite 
Baftion  E;  the  , reft  is  eafy  to  be  underftood  by  the 
Figure. 

The  Two  Batteries  which  are  between  the  fécond 
and  third  Place  of  Arms,  are  each  capable  of  y  Pieces  of 
Cannon.  All  the  Boyaux  betwixt  each  Place  of  Armsj 
which  are  equal  parts  of  the  Trenches,  are,  as  before 
faid,  2y  Toifes  long,  6  Foot  wide,  and  4  deep.  Thefe 
firft  Batteries  are  ufually  rais'd  upon  fome  EminencCj 
if  the. Ground  has  any,  becaufe  then  they  will  play 
Icfs  obliquely ,  and  almoft  level  with  the  Parapet  of 
the  Rampart. 

The  Places  of  Arms, which  are  nearerthe  Place  be  fieg'd,  • 

^  muft  be  a  little  longer  towards  the  Right-Hand  than  • 

^  thofe  that  are  farther  offj  fo  that  the  neareft  and  laft 
GB  be  the  longeft  of  them,  to  be  the  better  cover’d  in 
approaching  the  Baftion  F  ,  without  being  enfikded 
from  the  'other  Baftion  H.  Upon  this  Place  GB  muft 
be  made  3  Trenches,  or  Boyaux  r,K,L,  to  communicate 
with  the  Lodgments  M,N,0,  which,  as  in  the  fore-  ° 
going  Attacks,  are  made  upon  the  Three  Saliant  An¬ 
gles  of  the  Counter  fear  p,  the  Artillery  of  which  Lodg- 
“  ments  will  ferve  *to  ruin  the  Defences  of  the  Flanks^ 

•  M 
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and  thence  the  Coiinterfcarp  may  be  cut  to  go  into  the 
Ditch,  to  make  a  Gallery  in  it,  and  bring  up  the  Miner 
to  the  Face  of  the  Baftton,  as  we  fiiall  ihew  more  par- 
ticularrly. 

Of  the  Sappe,  Gallery^  and  Mines.  ’ 

already  (hew'd  what  a  Mine  is,  and  here 
Fig.  91.  ^  ^  we  {hall  tell  you,  that  the  Sappe  is  a  deep  Trench 
made  fn  the  Earth  defeending,  begun  within  y  or  6 
Foot  of  the  Saliant- Angle  of  the  Glacis,  to  be  cover’d 
in  coming  into  the  Ditch  :  And  that  the  Gallery^  call’d 
alio  TraljerJe^  when  it  is  made  to  crofs  the  Ditch,  as 
here,  is  a  long  Paflage  cover’d  over  with  Earth,  to  keep 
off  Stones  and  Fire- Works,  and  defended  on  each  fide 
with  good  thick  Planks  Musket-proof,  made  in  the 
Ditch  for  the  Miner  to  go  thro',  when  the  Defence  of 
the  Flanks  of  the  oppofite  Baftion  are  deflroy’d,  and 
there  is  no  fear  of  Cannpn-fhot,  as  ÂBCD. 

The  Trenches  then  being  carried  on  as  far  as  the 
Counterfearp,  where  the  chief  Trench  is  made,  with 
feveral  well  cover’d  Lodgments,  the  Befieg’d  mufl  be 
driven  from  it,  with  FourneauXy  or  otherwife  breaking 
or  cutting  the  Counterfearp  in  forae  places,  to  lodge 
one’sTelfin  it.  Then  if  you  wou'd  make  a  Breach  to 
give  Aflault,  play  the  Batteries  :  But  if  you  wou’d  blow 
up  the  Rampart  with  Mines ,  you  muff  carry  on  a 
Gallery  thwart  the  Ditch ,  and  for  that  purpofe  a 
cover’d  Defcent  is  made  under  the  Countcricarp,  cut- 
.  ting  thro’  it  over-againft  the  Face  of  the  Baftion,  as  , 
.  privately  as  may  be,  then  in  the  Night  rauft  be  fet  up  t 
the  firft  Piles  of  the  Gallery ,  which  are  half  a  Foot 
thick,  and  Three  Foot  diftant  from  one  another,  to 
faften  to  them  the  Planks,  which  the  Carpenters  muft 
have  ready  cut,  of  a  due  length  ;  and  to  avoid  Musket- 
ihot,  you  muft  be  cover’d  with  Mantelets,  or  elfe  Earth 
and  Fafeines  rauft  be  thrown  into  the  Ditch,  fo  as  to 
make  a  little  kind  of  Mount ,  wh'ch  muft  be  divided 
by  degrees  for  the  place  of  the  Gallery,  which  will  be 
fo  much  the  Stronger,  if  you  coyer  the  Piles,  or  Joifts, 

with 
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with  good  Planks  on  both  fides,  and  fill  the  Space  be¬ 
tween  with  Earth,  efpecially  towards  the  Curtain; 
and  be  can  fe,  when  the  Ditch  is  pretty  wide,  part*  of 
the  Gallery  may  be  difcover’d  from  the  Cannons  of  the 
oppofite  Flank>  which  cannot  all  be  defitroy'd ,  efpe- 
cially  when  it  is  cover'd  with  anOrillon;  in  luch  ii 
cafe  the  Gallery  mufi  be  cover’d  with  a  Traveffe,  made 
like  a  parapet,  Two  or  Three  Toifes  thick,  which  may 
be  built  with  the  Earth  and  Fafcines ,  that  have  been 
thrown  on  that  fide. 

Going  on  after  this  manner  every  Night,  and  by  Day 
if  poflible,  the  Gallery  mufi  be  fix’d  to  the  Face  of  the 
Baffion,  which  is  rather  to  be  attack’d  than  the  Cur¬ 
tain,  becaufc  the  Curtain  is  better  defended,  being 
between  two  Eafiions  which  Flank  it,  and  alfo  its  de¬ 
fence  is  fliorter,  and  confequently  .more  dangerous  for 
the  Befiegers.  The  Gallery  rnufl  be  well  cover’d  with 
Turfs  or  Tin,  to  fecure  it  againü  Fire-works  :  and  to 
hinder  fiich  Fire- works  or  Stones,  which  the  Befiegers 
may  throw,  from  flaying  upon  it,  its  Roof  mull  be  made 
with  an  acute  Angle.  This  Gallery  mull  be  7  or  8 
Foot  high,  and  as  broad,  or  broader,  to  have  the  freer 
paffage  thro’  it.  Lafl:  of  all,  *care  rnufl  be  taken  that 
all  the  Planks  towards  the  Flank  be  Musket-proof. 

A  Gallery  is  fitter  to  pafs  over  a  dry  Ditch  than  one 
that  is  full  of  Water,  becaufe  Water  is  often  pal's ’d 
*  over  with  a  Bridge  without  a  Gallery,  little  hurt  be¬ 
ing  done  to  the  Befiegers,  becaufe  the  Water  haidtrs 
the  Befieg’d  from  Sallying.  This  Bridge  rnufl  be  made 
folid,  by  filling  the' Ditch  up  to  the  top  of  the  Water 
or  higher  with  Fafcines,  that  rnufl  have  great  Stones 
in  them  to  make  them  fink  ;  and  this  will  be  the  fafcll: 
Bridge.  This  rnufl  be  done  whilll  the  Miners,  who 
can  eafily  pafs  the  Water,  are  at  work  in  the  Mine, 
which  as  foon  as  it  is  fprungi  you  go  over  this  Bridge 
to  give  Affault;  upon  this  Bridge,  may  be  fet  a  Gallery 
of  Boards,  or  of  Boughs  only,  that  the  Bcfieg’d  may  not 
fee  you.  .  •  * 
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To  pafs  a  full  Ditch,  foraetipies  the  Courfe  of  thcî 
Waj.er  may  be  turn’d,  and  w]hen  the  Field  is  lower* 
than  the  Ditch,  it  may  eafify  be  drain’d  ;  in  doing; 
•which  you  miifthave  a  care  that  you  cfon’t  drown  thet 
Lines.  When  the  Ground  will  bear  it,  the  Ditch, 
may  be  pafs’d  by  a  Gallery  or  Mine  under  Ground, 
and  lèverai  other  ways  which  one  may  invent,  ac-- 
tording  to  the  Nature  of  the  Place,  and  quality  oi  the  . 
Ground. 

Whe’n  the  Gallery  is  fix’d  to  the  Baftion,  to  baulk  the  ‘ 
Befiegers  Aim,  another  Gallery  may  be  made  at  the* 
Foot  of  the  Scarp,  and  carried  on  towards  the  Point  of. 
the  BalHon,  that  they  may  not  guefs  where-about  the: 
Rampart  is  pierc’d  thro’  for  the  Mine;  or  elfe  to» 
pierce  it  in  lèverai  places,  by  feveral  Mines,  or  little  : 
Fourneau,  made  one  beyond  another,  to  gain,  by  de-- 
grees,  the  Retrenchments  of  the  Befieg’d,  and  thus  be-- 
come  Mailer  of  the  whole  Ballion.  Whatever  place  ■ 
the  Rampart  is  pierc’d  thro’  in,  the  Head niufl  be: 
drove  very  narrow,  as  the  breadth  of  4  Foot  only,  but. 
jull  large  enough  for  one  Man  at  a  time  to  roll  a  Bar-- 
relof  Powder  thro’,  and  its  height  mufl  be  of  about  4. 
Foot,  fo  that  Men  mult  work  in  them  upon  their  Knees, 
and  the  Earth  mull  be  put  into  little  Paniers,  which  the: 
Miners  reach  to  one  another  between  their  Legs,  to 
take  it  out  with  all  the  fpeed  poffible. 

The  Head  of  the  Mine  being  continu’d  about  four  or 
five  Foot  in  a  llraight  line,  you  mult  turn  it  off  upon 
the  right  or  left,  as  EF,  which  fpace  mull:  be  of  10  ^ 
Foot,  winding  ftill  at  every  10  Fo'ot,  till  you  come  to 
the  place,  which  you  intend  to  make  the  Chamber  for 
the  Powder  :  and  as  foon  as  you  are  come  to  the  Earth  of 
the  Rampart,  you  mull  fét  it  over  head  and  on  the  fides 
withTimber,  to  keep  it  from  falling  in.  Thefe  Windings 
mull  be  ihut  as  foon  as  the  Mine  is  charg'd,  to  hinder 
the  force  of  the  Powder  from  fpending  it  fclf  that  way. 


*  Drinjivg  a  Head,  Signifie!  making  a  Pajfage  under  Ground. 

There 
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There  need  be  no  Windings  if  you  d^ive  yoyr  Head 
from  a  CafeaHy  which  is  a  Hole  digg’d  in  the  Ground  in 
the  form  of  a  Well,  where  the  Head  or  PaflTage  to  the 
Mine  begins.  Counter-mines  to  give*  Air  to  the  Ene¬ 
my's  Mines,  are  alfo  made  thus  : 

When  you  are  far  enough  in  the  Rampart  to  make  p/ 
the  Chamber  or  PourneaUy  which  is  ufually  a  Cube  in 
fliape,  as  G,  make  it  6  Foot  high,  about  4  broad  and  4- 
long.  When  you  fear  leaft  the  Enemy  fhou'd  give  Air 
to  the  Mine,  make  it  in  the  form  of  a  Crofs,  or  a 
Gallows,  that  the  fire  may  have  a  Paflage  upwards. 

If  its  fhape  he  Cubical,  it  will  be  able  to  contain  4000 
or  fcoo  pounds  of  Powder,  tho'  there  is  feldom  fo 
much  put  into  a  Mine,  and  commonly  not  above  i^co 
or  1 5 00  pounds,  which  is  enough  to  blow  up  a  Ram¬ 
part  ia,Toifcs  thick,  or  thicker,  if  the  Mine  be  about 
the  Middle  of  its  Solidity,  or  fomething  nearer  the  * 
Ditch ,  and  level  with  the  bottom  of  the  Ditch ,  if  • 
poffible. 

You  mufi  not  forget  to  fupport  the  upper  part  of  the 
Chamber  with  a  Sommer ^  or  Madrier^  and  to  let  it 
round  with  Timber,  leaft  the  Earth  fhou’d  fall  in  and 
fill  it:  For  that  Sommer,  which  is  a  ftrong  Beam,  by 
its  rcfiftancc  will  help  to  blow  up  the  Rampart  ;  but 
you  muft  leave  a  little  Paflage  for  the  Saucidge^  which 
is  a  long  piece  of  Cloth,  few'd  round  in  the  form  of  a 
Gut,  and  dipp’d  in  Pitch,  of  about  Two  Inches  Dia¬ 
meter,  and  fill’d  with  fine  Powder,  which  reaches 
from  the  Fourneau  to  the  beginning  of  the  Mine, 
where  it  muft  be  Fir’d  to  be  Sprung. 

If  the  bottom  of  the  Chamber  be  Watery,  as  it  com¬ 
monly  happens,  make  a  Floor  for  it,  with  Planks,  to 
keep  the  Powder  from  being  wet,  which  you  liiuft  put 
in  but  juft  before  you  fpring  .the  Mine,  becaufe  if  it 
fhou’d  lie  long  there,  the  moiftnefs  of  the  Earth  might 
weaken  it ,  or  the  Enemy  might  find  it  and  take  it 
away,  or  fpoil  it.  ^  . 

The  Powder  that  the  Chamber  of  the  Mine  fs  charg’d 
with,  muft  be  in  pitch’d  Bags.,  or  Barrels,  that  muft 

M  3  .be 


I 


i82  a  0/ Fortification.  ParrV. 

beopen  jn  fom^laces  as  well  as  the  Bags,  and  a  great 
deal  of  PowdeMs  to  be  fcatter’d  about  them,  that  all 
may  fire  at  once,  by  means  of  the  Saucidge,  ,  ? 

Having  th.en  charg’d  the  Fourneau  with  as  many  Caif- 
fons^ot  Barrels  of  Powder,  as  a/e  needful,  its  Mouth  or 
Entrance  miift  be  well  ftop’d  with  found  Earth, fupported 
bycrofs  ftrong  pieces  of  Timber,  having  firft  fill’d  all 
•the  empty  fpace  in  the  Fourneau  with  Stones,  or  great 
pieces  of  Timber,  forc’d  and  wedg’d  in  ;  but  you  mufl 
always  leave  room  for  a  wooden  Pipe,  which  you  .muft 
prime  as  you  flop  np  the  Entrance  :  At  the  end  of  this 
Pipe  towards  the  Ditch,  when  it’s  time,  thrufl:  in  a  flow 
Fufe,  or  a  Match,  long  enough  to  kfl  a  quarter  of  an 
Hour,  or  as  long  as  one  mufl  be  a  getting  away  after 
it  is  lighted.  - 

When  the  Mine  is  Sprung,  if  it  makes  a  good  Breach, 
you  mufl  give  Aflault,  to  lodge  your  felf  in  it,  pofting 
there  as  many  good  Soiildiers  as  it  will  hold;  that  is, 
in  cafe  that  you  hope  for  a  Capitulation  :  For  otherwife 
it  woii’cl  be  better  to  give  a  warm  Aflault  during  the 
Fright  of  the  Befieg’d,  without  allowing  them  time  to 
Defend  and  Retrench  themfelves.  ' 

A  Mine-Diaî  is  ns’d  to  drive  a  Mine  under  Ground 
to  the  Place  propos’d,  after  you  have  with  an  Univerfal 
Inftrumcnt,  or  forne  other  way,  taken  the  Diftance 
from'  the  Place  where  you  begin  to  drive  your  Head,  to 
the  Place  that  you  woii’d  blow  up.  Several  difficulties  , 
may  be  met  with  in  digging  a  Mine,  but  thofe  that  are  , 
us’d  to  it  will  eafily  mafler  them,  without  any  further  f 
Diredlions. 

•Î-  ■'  .  , 


The 


[  i8j  ] 


The  Sixth  Part. 


OF 

;  Fortification  Defienfive.. 

TH  O’  what  has  been  hitherto  faid  concerning 
the  Fortification  of  Places  ,  feems  to  be  the 
Defenfive  part  of  Fortification,  yet  it  fhou’d 
rather  be  call’d  the  Confervation  ofTlaces^  as  being  only 
a  difpofition  towards  Defence.  Therefore  fhall  call 
T^efenfive  Fortification  or  the  Defence  of  Tlaces^  the 
Way  to  defend  ones-felf  and  oppofe  the  Enemy,  who 
wou’d  make  himlelf  Mafter  of  a  Strong  Place  :  which  is 
done  by  buildingWorks  like,  or  different  from  thofe  hi¬ 
therto  mention’d,  as  Retrenchments,  Counter-trenchesj 
Gounter-mincs,  ^c,  which  we  lhall  fpeak  of  in  a  few 
Words.  . 

Of  Retrenchments,  c 

A  Retrenchment  is  any  Work  whatever/  made  life 
•of  to  Retrench^  that  is,  to  cover  onesTelf,  ànd 
Fortify  within  the  Town  the  neareft  place  to  that 
which  is  attack’d  ;  this  Work  is  ufually  a  Retirade ^  that 
is,  a  Ditch  border’d  with  a  Parapet,  whence  we  call 
Retrench' d^ar ter ^  that  place  which  is  Fortified  with 
a  Parapet  and  Ditch. 

Retrenchments  are  either  General^  when  you  re¬ 
trench  a  whole  Piece  of  Fortification  where,  the  Enemy . 
has  made  a  Lodgment,  and  make  new  Fortifications  to 
cover  your  felf  againli  the  Enemy,  and  dirpiite  every 
Foot  of  Ground,  in  cxpeftation  of  Succour:  or  Taiti- 

M  4  '  cuhr  ^ 
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^uhr^  when  you  only  recede  from  that  part  which  has 
93.  been  taken,  to  make  a  new  Retrenchment  at  a  reafon- 
able  diftance,  toPwithfiand  and  repel  the  Enemy  :  as 
ABC,  which  is  alfo  call’d  a  Cut  and  Retiraàe^  becaufe 
it  is  made  with  a  re-ëntrant  Angle  or  Tenaille. 

Retrenchments  are  the  laft  Remedy  us’d,  when  you 
arc  forc’d  to  give  way  and  fbrfake  the  Head  or  fide  of 
j  a  Work,  which  you  muftdo  but  upon  the  laft  extre¬ 

mity,  for  all  the  means  imaginable  ought  to  be  us’d  to 
prevent  the  Enemy  from  lodging  in  it,  as  Palifl&do’s, 
i  Fafeines,  Barrels  of  Earth,  or  Sacks  of  Earth,  or  any 

thi|^  which  may  cover  the  Musketeers,  who  are  to 
ftop  the  Enemy  when  the  Defences  are  broken  ;  which 
is  it  felf  a  kind  of  Retrenchment  or  which 

i  defends  thofe  that  fight  with  the  Enemy,  whilft  a  good 

Retrenchment  is  making,  which  muft  always  have  a 
j  Ditch  to'^rds  the  Enemy,  and  be  open  towards  the 

Town,  fome  part  of  which  it  muft  be  Flank’d  :  As 
AB,  and  CDE,  the  firft  of  which  is  made  in  a  Baftion, 
94-  and  the  o^her  in  a  Ravelin,  where  you  may  allb  re- 
I  trench  your  felf  with  a  little  Ravelin,  when  the  firft  is 

I  very  large. 

Or  elfe  as  AB,  CD,  which  is  in  a  Horn-Work  ;  where 
you  may  Retrench  fevcral  ways;  the  Retrenchment 
may  be  made  like  the  Piece  taken,  and  Two  or  Three 
I  maybe  made  after  one  another,  being  always  careful 

!  leaft  the  Enemy  fhoii’d  attack  you  behind,  that  is, 

f  attack  the  laft  Retrenchment  inftëad  of  the  firft.  It 

iis  well  to  make  that  Retrenchment  before-hand,  as 
Count  Tagan  dots,  who  upon  the  Baftion  makes  a  double 
thafis,  a  little  Baftion  within  the  great  one, 
becaufe  fiich  a  Retrenchment  having  been  made  at  lei- 
fure,  is  much  Stronger  than  one  made  in  haft,  which 
cannot  refift  fo  well,  becaufe  the  Earth  is  not  fettl’d  ; 
befides  a  Retrenchment  made  before^hand,  requires  no 
more  Soiildiers  to  defend  it,  than  if  the  Work  was  not 
'Retrench’d  :  becaufe  the  Retrenchment  is  only  de- 
leaded  when  the  niain  Work  is  taken. 
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We  fhall  not  here  teach  how  to  make  the’fe  Re« 
trenchments,  becaufe  whoever  comprehends  what  we 
have  hitherto  faid  concerning  Fortifications,  and 
efpecially  .fuch  as  are  skilFd.in  the  practical  part,  will 
cafily  find  means  to  retrench,  according  to  the  quality  of 
the  place  attack'd,  and  the  fpace  that  is  left  to  retrench 
in  :  bcfides  Nature  teaches  any  body  how  to  retrench 
and  cover  himfelf  againfl  the  Enemy.  Therefore  I 
•  think  itufelefs  to  add  new  Figures,  and  be  too  tedious 
about  the  different  ways  that  a  Retrenchment  may  be 
made;  I  fhall  only  fay  that  the  Profils  of  the  Retrench¬ 
ments  are  mofl  commonly  like  thofc  of  the  Out^works, 
and  that  if  you  have  not  time  to  make  thofe  Retrench¬ 
ments  according  to  the  meafures  that  belong  to  the 
Profils  of  the  Out- Works  ;  that  is,  if  you  can't  make 
the  Ditch  fo  deep,  and  the  Parapet  fo  high,  you  m oft 
cover  your  felf  with  Gabions ,  Sacks  of  Earth,  or 
Dung,  with  teams,  Hogfheads,  Carts,  and  any  thing 
that  ma/bear  a  fhock.  But  to  avoid  thofe  Inconveni¬ 
ences,  the  Retrenchments  fhou'd  be  begun  betimes,  as 
foon  as  you  can  forcfee  which  fide  will  be  attack’d. 

The  Retrenchment  mufi:  be  rais'd  as  high  as  polfible  ; 
and  if  you  can,  make  Terrafles  jufl  by  to  throw 
Bombes,  Carcafles,  Granadoes  or  Fire. pots,  ^c.  upon 
the  Enemy  from  them;  or  to  have  two  or  three  Pieces* 
of  Cannon  there,  laden  with  Musket^balls  to  Fire  at 
the  very  moment  of  the  Afîàult.  It  will  not  be  amifs 
to  make  Fourneau,  or  Fougades,  und^r  fuch  a  Re* 
trenchment,  to  blow  it  up  as-  foon  as  the  Enemy  is 
lodg'd  in  it-  And  if  in  the  end  you  are  forc'd  from 
the  laft  Retrenchments,  you  may  yet  make  another 
kind  of  Retrenchment  in  the  Town,  (hutting  up 
the  Streets  with  Chains  and  Barricadoes,  making  little 
Flanks  along  the  Houfe  fides,  whofe  Doors  and  lower 
Windows  mufi  be  (hut  ;  and  laft  of  all,  throwing  Stones 
and  Fire-works  from  the  upper  Window^s  upon  the 
Enemies,  when  they  endeavour  to  break  open  the 
Doors  below*,  thus  to  make  them  pay  dear  for  their 
Conqueft, 


There 
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There  arc  cover'd  Retrenchments^  which  are  pro¬ 
perly  the  fame  as  we  have  call’d  Caponnïeres^  for  they 
are  very  low  Parapets,  behind  which  there  is  a  kind  of 
a  Ditch  4  or  y  Foot  deep,  and  7  or  8  wide,,  where  the 
Souldiers  are,  as  it  were,  buried,  and  fire  thro"  Meur¬ 
trières  which  are  in  the  Parapet,  that  is,  but  two  Foot 
high;  and  thefe  Caponnieres  are  cover’d  over  with  ftrong 
Oaken  Planks,  leaving  a  Hole  to  let  out  the  Snfoak  of  the 
Powder.  Thefe  Retrenchments,  as  well  as  the  CofFers>- 
are  very  good  to  defend  the  Ditch,  and  they  are  ufually 
made  before  a  Flank. 

Of  ^  Counter-Trenches, 

Counter  •Trenches  y  ot  Counter- Approaches  ^  are 
Trenches  made  againfl  the  Beliegcrs ,  to  flop 
their  going  on,  and  keep  them  as  far  from  the  Place  as 
poffible,  it  being  certain  that  the  farther  the  Enemy 
is  from  the  Place,  the  lefs  he  can  annoy  it  ;  and  to 
Scoure  the  Trench^  is  to  make  a  vigorous  Sally  againfl; 
thofe  that  Guard  the  Trench,  make  them  give  way^ 
that  is,  quit  their  Poft  or  lofe  Ground,  and  put  the 
Pioneers  to  flight  :  but  to  i3iount  the  Trenches,^  is  to 
go  upon  Duty  in  them  ;  and  to  dejeend  the  Trenches^  to 
come  back  from  guarding  them. 

•  As  contrary  things  have  contrary  effeéls ,  fb  it  is 
eafy  to  know  that  a  Cpunter-Trerich  mufl:  have  its 
Parapet  turn’d  towards  the  Befiegers,  that  the  Befieg’d 
may  be  cover’d  in  it  ;  and  that  it  mufl  be  enfil’d  from  < 
feveral  Places  of  the  Town,  leafl  the  Enemy  fhou’d  1 
cover  himfelf  with  it  when  he  has  taken  it.  It  is  to  ' 
be  carried  on  to  fuch  places  as  are  advantageous  for  the 
Town,  and  prejudicial  to  the  Enemy,  fo  that  it  may  be 
defended  from  the  Out- works,  and  not  enfiladed  or  com¬ 
manded  by  any  Height,  which  the  Enemy  is  ported  in. 

Laftly,  The  Counter- Approaches,  ought  to  have  Ad¬ 
vances  or  Demi  Redoubts,  whofe  Points  mufl  be  turn’d 
towards  the  Enemy  in  fuch  manner,  that,  they  may  be 
open  inwards  towards  the  Town,  and  enfil’d  within 
and  without,  to  drive  the  Enemy  from  them. 

0/ 
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Of  Comter-Batteries,and of  iheDefence  of  Breaches. 

9 

A  Counter -Battery  J  is  a  Battery  which  the  Befieged 
oppofe  to  the  Enemy's  Battery  to  rniji  it,  efpeci- 
ally  when  he  is  got  pretty  near  to  the  Counterlcarp, 
and  is  raifing  Batteries  to  ruin  the  Flanks,  which  the 
Defenders  moft  vigoroufly  oppofe,  by  a  continual  Fire 
upon  the  Work*Mcn,  with  Cannons  charg’d  with 
Stones  or  old  Iron,  which  may  alfo  be  done  by  Night, 
if  you  obferve  by  Day  after  what  manner  the  Cannon* 
is  levelled,  to  (hoot  againft  the  Place» where  the  Enemy 
has  begun  his  Works,  which  may  alfo  be  difeoverMby 
Night,  by  (hooting  red-hot  Bullets  to  enlighten  the 
Field.  Thefe  Red-BuUets  are  Cannon  Balls  heated  in 
a  Forge  till  they  have  a  Flame-heat,  which  are  alfo 
us'd  by  the  Befieg’d  to  defend  Breaches. 

Flaming-Barrels^  ox  Vire -Barrels  are  alfo  of  ufe  in  ♦ 
defending  Breaches,  which  are  alfo  call’d  Thundering^ 
Barrels^  being  fill’d  with  Granadoes,  and  Fire-Tots^ 
that  are  Pots  fill’d  with  fine  Powder  and  a  well  charg’d 
Granado,  which  is  a  hollow  Globe,  ufually  of  Metal 
fill’d  with  fine  Powder,  that  takes  Fire  by  means  of  a 
flow  Fufe  at  its  Touch-hole,  which  reaches  down  to 
the  Powder.  Some  of  them  are  made  of  Pail  board, 
to  be  thrown  upon  Fafeines  to  burn  them,  or  into  the 
^Trenches  to  drive  the  Souldiers  from  them. 

The  Befiegers  ufe  alfo  Granadoes,  Bombs  and  Car- 
kafles  to  beat  down  the  Houfes  of  the  Town,  and  Fire 
the  Maga:zines  of  Powder,  as  we  did  at  Nice  in  this  lafl 
War.  ^  A  Bomb  is  a  great  hollow  Ball  of  call:  Iron  fill’d 
with  Powder,  Nailÿand  Fire- works,  and  CarhalJes  are 
Boxes  full  of.Powder  made  with  Iron  hoops,  fill’d  with 
Granadoes  and  charg’d  Piflol-Barrels,  which  together 
with  the  Granadoes  are  wrapp’d  in  oil’d  Tow ,  and 
other  combultible  matter. 

The  Granado,  being  very  little,  is  thrown  by  hand, 
but  the  Bombs,  Carkafîès;  Red-Bullets,  Fire-pots, 

Flam- 


iSS  ^  Trtitife  of  Fortification.'  Part  Vf.'  I 

Flaming-Barrels,  and  Stones  arc  thrown  out  of  a  Mor^ 
tar-Piscey  which  is  a  (hort  ftrong  Piece  of  Ordnance, 
of  a  large  CaVtbrt  or  Diameter.  It  is  not  leveird  Point- 
blank  as  the  Cannon;  but  with  the  Muzzle  upwards, 
very  high  tov^^ards  the  place  where  you  wou’d  fend  the 
Bomb. 

To  avoid  the  cffefl  of  the  Bomb  when  it  falls  by  you 
in  an  open  place^  you  muft  fall  flat  upon  the  Ground,  j 
or  hide  your  felf  behind  Traverfes,  or  Parapets  of 
Earth,  made  for  that  purpofe:  Or  elfe  the  Streets 
’mult  be  unpav’d,  fo  that  there  may  be  only  the  loft 
Earth  left,  which  you  may  alfo  cover  with  Dung, 
where  the  Bomb  falling,  finks  in  by  its  own  weight 
and  lofes  its  force.  A  Vault  Bomb-proof  muft  be  Five 
or  Six  Foot  thick  at  lead,  and  to  fecure  it  thé  better, 
you  may  cover  it  with  a  great  many  Brufh-Faggots,  or 
Vine-Twiggs,  or  with  Five  or  Six  Foot  of  loft  Earth, 

*  ■  which  will  deaden  the  Bombs  and  render  them  in- 
cfFedual. 

Breaches  are  alfo  defended  by  Chauffc-trappeSy  ox 
.  Coi^tropSy  which  are  Iron  Inftruments  with  4  or  more 
Spikes,  made  after  fuch  a  manner,  that  whatfoever 
way  they  fall,  one  Point  will  always  lie  uppermoft 
like  a  Nail,  which  being  thrown  up  and  down,  are 
very  troublefome  to  the  Foot  that  mount  the  Breach, 
or  to  the  Enemy’s  Horfe,  that  wou’d  pafs  Ibme  narrow 
place  :  there  are  three  forts  of  them,  fmaU  cneSy  whole 
Points  are  about  Three  Inches  ;  middling  ones  with  ^ 
Spikes  Four  Inches  long  ;  zndgnat  ones  with  Spikes  of  i 
Five  Inches. 

To  difturb  the  March  of  the  Horfe  in  a  Camp,  or 
that  of  the  Foot  in  a  Breach,  Herfes  or  Her  [liions  alfo 
are  us’d,  which  are  Planks  10  or  11  Foot  long,  with  Iron 
Spikes  all  over  on  both  lides  :  or  elfe  Chevaux  de  FrifCy 
’which  are  Beams  with  Spikes  all  over.  Much  fuch  a 
Machine  is  us’d,  fupported  and  turning  upon  a  Pivot, 
and  fet  up  in  a  paflage  which  mud  be  often  open’d  and 
fliut  ;  and  ill  fuch  a  cafe  it  is  call’d  an  H^riJJm. 


The 
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The  Counter-Batteries  or  Câvaliers,  which  ferve  to 
Fire  upon  the  Enemies  that  attack  the  Retrenchments^, 
muft  not  be  very  high,  fo  that  they  may  be  cover’d  by 
the  Parapet  of  the  Rampart,  or  of  the  Baflion  ;  but  fuch 
as  are  defign’d  to  defend  the  neighbouring  Hills,  ought 
to  be  rais'd  higher, that  they  may  play  upon  thofe  Emin¬ 
ences  without  being  cover’d  by  the  Parapet  of  the  Place, 

• 

Of  Counier-tnines. 

WHEN  the  Befieg’d,  in  Spight  of  all  their  re- 
fiftance,  have  not  been  able  to  hinder  the  Enemy 
from  palling  the  Ditch,  and  making  under  the  Rampart 
a  Mine,  which  is  the  moll:  powerful*  Engine  for  thé 
taking  of  Towns,  becaufe  it  can  in  a  little  time  make 
a  Breach  large  enough  to  lodge  in  and  give  Aflault; 
they  mull  fpeedily  remedy  it  with  Counter-mines, 
which  are  made  to  difcover  and  overthrow  the  Be- 
fieger’s  Mines. 

To  dilcover  thefe  Mines,  Cafeans  or  Wells  are  made 
obliquely  in  the  folid  part  of  the  Terrafs,  where  a 
Miner  is  fufpeéled  to  work  :  and  when  thefe  Wells  are 
judg’d  to  be  lower  than  the  Befiegers  Mines,  little 
Heads  or  Channels  are  driven  every  way  to  find  the 
Enerny’s  Mine,  or  to  enlofe  it,  and  render  it  ufelefs,  by 
cutting  the  Train  to  prevent  the  Enemy  from  Spring¬ 
ing  it,  taking  the  Powder  away,  or  fpoiling  it,  by  pour¬ 
ing  in  a  great  quantity  of  Water. 

Thefe  Heads  muft  be  driven  perpendicular  to  the  Ca¬ 
pital  of  theBaftion,  when  you  fear  a  Mine  in  its  Point  ; 
and  parallel  to  the  Face,  if  yo.u  fear  a  Mine  there  ;  and 
if  the  Ditch  be  dry>  they  muff  be  driven  under  it  ; 
becaufe  the  Enemy  then  may  have  a  Gallery  under 
italfo.  T 

As  the  Ancients  made  Mines  to  fiirprife  Towns,  they 
alfo  knew  how  to  difcover  them,  Fttruv'ms  in  his  laji 
Cha^ttr  of  his  la[l  Book^  fays,  that  MarfeïUcs  being  be¬ 
fieg’d,  the  Inhabitants  fafpeding  the  Enemy’s  Mines, 

digg’d 
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digg’d  the  Ditch  deepet  ail  round  the  Town,  and  by 
that  means  found  in  the  Ditch  the  Avenues  of  above 
30  Mines,  which  the  Enemy  had  prepar'd  tofurprize 
them. 

An  old  fap^iorid Counter- mine ;\i  a  Vault  made  before¬ 
hand  round  the  Faces  of  a  Baltion,  Six  or  Seven  Foot 
from  the  Wall,  with’  feveral  Air-holes,  which  come 
Vp  quite  to  the  Top  of  the  Baflion.  It  is  fo  call’d,  be- 
cauiè  it  is  now  out  of  ufe,  by  reafbn  of  its  making  a 
Kampart  too  weak. 

Mines  are  alfo  difcover'd  by  boring  with  Rods  or  great 
All  gars  till  you  perceive  the  light  of  the  Enemies,  then 
if  the  Earth  be  but  6  or  7  Foot  thick  betwixt  you  and 
them,  all  that  Earth  muft  be  thrown  againft  the  Miner 
with  a  Tetardj  which  i.s  a  hollow  Engine  of  Metal,  ufu- 
ally  (hap’d  like  a  Hat  or  a  Cup,  with  handles,  which  is 
fill’d  with  fine  Powder,  about  7  Inches  deep,  and  y 
Inches  over  at  the  Mouth. 

Some  are  larger  at  the  Breech  than  at-  the  Mouth, 
but  they  are  not  fo'effeélnal,  and  are  more  apt  to  burft. 
Both  kinds  are  us’d  in  Counter-mines  to  break  into  the 
Heads  or  under  ground  Galleries  of  the  Enemy,  to 
give  his  Mine  Air:  they  are  alfo  us’d  to  break  Bridges, 
Gates  and  Barriers,  in  Towns  that  you  wou’d  tajce  by 
Storm. 

When  it  is  us’d  againft  Mines,  the  Mouth  of  the  Pe¬ 
tard  is  fix’d  to  a  Beam,  arm’d  on  both  fideg  with  crofs 
plates  of  Iron  nail’d  over  it,  after  it  has  been  well 
flopp’d  and  charg’d  as  high  as  within  two  Fingers  of 
its  Mouth  :  then  the  Petard,  which  muft  befaften’d  to 
the  Beam  by  its  Handles,,  is  fet  againft  the  place  where 
the  Enemy’s  Mine  is,  in  fuch  manner  that  the  Beam  be 
parallel  to  the  Horizon,  when  the  Petard  is  level  with 
the  Mine  \  otherwife  the  Petard  muft  be  directed  againft 
the  Mine. 

When  it  is  us’d  to  break  Bridges,  Gates,  Batteries, 
Chains,  and  whatever  may  be  an  obftacle  in  a  Surprize, 
Turrels,  or  Screws,  or  ftrong  Hooks  are  fix’d  in  fuch  a 

Gate, 
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Gate,  or  Bridge,  which  I  fuppofe  acceffiSIe,  to  faften 
the  Petard,  fo.ihat  its  Beam  or  Madrier  may  joyn  clofe 
to  it  ;  for  the  clofer  the  Madrier  is,  the  more  eflfeftual 
will  the  Petard  be. 

If  the  place  to  be  Petarded  be  inacceffible,  as  Draw- 
bridges  when  they  are  drawn  up,  the  Petard  muft  be 
applied,  with  a  long  Pole,  at  whofe  end  the  Petard  muft 
be  faften 'd,  and  a  Fufe  muft  run  all  along  the  Pole,  quite 
to  the  Touch-hole  of  the  Petard  to  Fire  it  ;  and  if  the 
Draw-bridge,  being  drawn  up,  does  not  lie  clofe  to  the 
Gate,  inftead  of  a  Pole,  you  muftufe  a  Bridge  moyeablp 
upon  two  Wheels,  and  thruft  it  hard  againft  the  Draw- 
*  bridge. 
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A  P  P  EN  DIX,  - 

CONTAINING 

A  True  and  Short  Account  of  Mr. 
f^auhans  Manner  of  Fortifying: 

Taken  from  a  French  Book,  pub- 
lifli’d  by  the  Abbot  Tin  Fay^  with 
Mr.  Vauhans  Approbation. 

With  his  New  Syftem  of  Bajlion'd  Towers, 

Mr.  Vmlan'%  Fortification  has  been  fo  Univer«  i 

fally  approv’d,  that  his  Method  only  has  ■ 

been  made  ufe  of  in  all  the  Towns  that  have  * 

been  Fortify ’d  fince  he  firfl:  wasiômploy’d  in  the  French 
King’s  Service.  This  is  what  no  Military  Man  is 
ignorant  of;  and  whoever  has  Teen  the  Fortrefles  in 
Flanders  will  be  convinc’d,  that  the  following  Manner 
is  truly  Mx»  Fauhan's. 

Not  to  repeat  any  thing  that  ha^een  faid  in  the  fore¬ 
going  Treatife,  we  (hall  omit  the  Defeription  of  feveral 
Warlike  Machines  ;  only  mention  fuch  Works  as 
are  peculiar  to  Mr.  Vauhan,  of  which  Mr.  Ozanam  has 
given  but  an  imperfeéi  Account.  • 

Mr.  Fauhan's  Manner  of  drawing  the  Baftions,  Cafe- 
mates  and  Orillons  has  been  fhew’d,  Tage  Plate  $4^  i 

we  muff  take  notice,  that  his  Orillon  is  Square  on  the  pig,  ^5. 
infide,  for  the  conveniency  of  the  Musketeers  ;  and 
that  of  his  Four  Flanks  (viz.  that  of  the  Place,  that 
of  the  Orillon,  that  of  the  Tenaille,  and  that  of  the 
Caponiere)  the  two  laftare  the  beft  ;  becaufe  they  Com¬ 
mand  without  being  Commanded. 

His  Flank  of  the  Place  is  better  than  the  Flank 
of  fuch  Engineers  as  allow  fécond  Flanks;  not  only 
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becaufe  it  holds  as  many  Musketeers  as  both  thcir^ 
Flank  and  fécond  Flank  in  the  Curtain  ;  but  becaufe 
the  Shots  made  from*  it  are  righi^  and  it  is  only  feen 
obliquely  :  Befides  the  Befiegers  have  a  great  Front  a- 
gainll  a  Second  Flank,  which  holds  but  few  Muske¬ 
teers  for  the  defence  of  the  Ditch. 

The  Reinforcd  Tenaille^  or  Tenaille  with  Flanks  in 
the  Ditch,  is  alfo  defcrib’d  ;  and  one  fort  of  Simple  Te¬ 
nailles  for  the  fame  pu  rpofe  is  to  be  feen,  Plate^^. 

Plate  45:.  The  other  fort,  mark'd  A,  has  its  Rampart  parallel 
Fig.  9(5. 

to  the  Curtain  of  the  Place  ;  and  then  its  nai*roweft 
part  ought  to  be  about  3  Toifes  broad. 

.  TheCaponicre  ought  to  have  on  each  fide  a  Banquette; 
and  the  Parapet  of  the  Place  two  or  three,  for  Men  of 
different  Stature,  that  they  may  all  fire  from  the  fame 
'  level.  The  Half-Moon  has  fometimes  Flanks,  and  with¬ 
in,  a  Redu£l,  as  B,  whofe  Walls  have  Battlements. 

Places  of  Arms,  asC,  are  made  in  the  Ditch  of  the 
Half- Moon  perpendicular  to  the  Faces,  near  the  Angles 
of  the  Epaide,  when  they  have  Flanks,  to  hinder  the 
Paflage  of  the  faid  Ditch. 

When  fuch  Places  of  Arms  are  made  in  the  Cover’d- 
Way,  if  in  the  re-entrant  Angles,  as  D  ;  their  Demi- 
gorges  are  of  10,  and  their  Faces  of  about  iz  Toifes  ; 
if  in  the  faliant  Angles,  they  aredefcrib’d  by  the  length¬ 
en'd  Faces  of  the  Baffions,  or  of  the  Half-Moons,  and 
the  round  part  of  the  Ditch,  as  E.  Thefe  Places  of 
Arms,  which  mult  have  Palillado’s,  are  fhut  up  with 
Traverfes,  which  are  Parapets  y  or  yt  Foot  high  on 
that  fide  where  their  Banquette  is,  and  3  or  4  towards 
the  Cover'd- Way,  which  they  fcoure. 

Thefe  Traverfes  are  4  Toifes  and  li  Foot  long  at  the 
faliant  Angles  coming  from  the  Ditch:  the  defign  of 
them  is  to  hinder  the  Cover’d- Way  from  being  enfila¬ 
ded,  and  to  defend  their  Place  of  Arms. 

The  fpace  of  4]  Foot,  which  is  between  the  Traverfe^ 
and  the  Parapet  of  the  Cover’d-Way,  is  Ihut  up  with  a 
little  Merlon,  rais’d  within  the  Place  of  Arms,  4  i  Foot 
diftant  from  the  Traverfe,  that  the  Souldicrs  may  have 

room 
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room  to  pafs  by.  The  Traverfes  are  mark’d  F,  and  j 
the  Merlons  G.  j 

At  the  re-entrant  Angles  the  Traverfes  fcoure  or 
enfilent  Cover’d-Way,  and  are  s  Toifes  long;  that  is, 
the  whole  Breadth  of  the  Cover’d-Way  ;  and  then  a 
Cut  as  H,  muft  be  made  in  the  Parapet  of  the  faid  Co- 
ver’d-Way  for  the  Souldiers  to  pafs  by. 

There  ought  to  be  no  fuch  Cuts  at  the  Saliant  • 
Angles,  becaufe  they  woifd  not  be  feen  by  the  Be-’ 
fieged,  and  fo  might  be  of  ufe  to  the  Befiegers;  where- 
as  thefe  are  flank’d  from  the  Half-Moon,  or  from  the 
Lunettes,  which  have  been  mention’d  ?age  iiy. 
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When  the  Ditch  is  fac’d,  Steps  are  made  at  all  its 
i  Angles  for  the  fervice  of  the  Counterfcarp.  Each 
3  detach’d  Piece  ought  alfo  to  have  a  pair  of  Stairs  to 
I  lead  up  to  it. 

j  The  Countermines  I  of  a  Place  are  built  under  the 
j  Terre- plain  of  the  Rampart  level  with  the  Ditch,  ten 
f  Foot  diftant  from  the  RevUement  or  Facing  of  the 
^  Ditch,  to  which  they  are  parallel,  having  a  Commun!- 
li  cation  with  it  thro’  Imall  RRads  or  Paflages  vaulted. 

From  the  Countermines  of  the  Place  you  go  down 
Î  into  the  Caponieres,  and  then  go  up  into  the  Counter¬ 
mines  of  the  Cover’d-Way,  from  whence  Heads,  as  K, 
are  drove  on  under  the  Field,  to  make  Fourneaux  or 
little  Mines,  to  blow  up  the  Works  of  the  Befiegers,  and 
hinder  their  Approaches* 

Where-ever  there  are  Countermines  there  ought  to 
be  Miners  conftantly  ;  or  at  leaft  Miners  ought  to  be 
fent  for  when  the  Town  fears  a  Siege. 

When  an  Eminence  falls  . gradually  from  its  highefl 
part  down  to  the  Glacis  of  a  Place,  Works  muff  be 
made  one  before^another,  with  their  Flank’d  Angles 
rais’d.  The  moft  diftant  ought  to  cover  ajl  the  reft,  and 
draw  its  defence  from  them  ;  and  they  ohght  all  to  be 
built  in  fuch  manner,  that  the  Enemy  may  not  be  able 
to  make  a  Retrenchment  in  theFirft,  without  under¬ 
going  the  Fire  of  the  Second. 

The  Glacis,  ought  as  often  as  poftible  to  be  of  Peb¬ 
bles,  or  of  Stones  cover’d  with  Turf  ;  for  the  Befiegers 
can  work  but  flowly  in  fuch  Ground  :  and  fuch  Para¬ 
pets,  as  the  Pioneers  make  with  what  they  dig  up,  are 
often  the  occafion  of  their  being  Kill’d  or  Lamed  , 
becaufe  the  Cannons  of  the  Place,  fliooting  againft 
thofe  Parapets,  catifc  the  Stones  to  fly  about  dread- 
fully. 

Mr.  Vauban  obferves,  that  the  Bridges  of  the  Cur¬ 
tains  do  not  hinder  the  efïèélof  the  Fire  of  the  Flanks 
along  the  Faces  of  the  Baftions  in  the  Ditch. 

He  likes  that  Ditch  beft,  which  by  the  means  of 
Sluces  may* be  fill’d,  or  emptied  at  pleafurc. 


?late  4f  V 
Fig.  96, 
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The  Paffage  out  of  the  Common-Shores  ought  to  be 
in  the  middle  of  the  Curtain,  Grated  with  Iron,  and 
guarded  by  a  Sentinel. 

In  Sea-Port-Towns  aFalfe  Braye  is  of  great  ufe,  be- 
caufe  Cannon  Balls,  fliot  from  it,  rafe  the  Water  and 
pierce  the  Ships  dangeronfly. 

Magazines  for  Powder  ought  to  be  well  fecur’d  from 
Fire,  and  floor’d  with  Oak' that  they  may  not  be  moift, 
and  fo  Vaulted  as  to  be  Bomb-proof.  See  Tage  188. 
Their  Walls  ought  to  be  very  thick,  and  the  Paffage 
for  Light  ought  to  be  winding,  and  fo  narrow  as  not  to 
admit  a  Rat,  which  is  fometimes  made  ufe  of  by  the 
Enemy  to  fet  a  Magazine  on  Fire,  by  tying  a  lighted 
Match  to  his  Tail* 

To  have  fuch  a  Light,  a  Pilafter  ought  to  be  built 
in  the  middle  of  the  Wall,  with  a  fmall  Paflage  round  it, 
which  mufl:  be  (hut  up  on  the  infide  with  a  fine  Grate 
of  Wire:  This  Magazine  ought  to  have  a  Wall  about 
it  at  fome  diflance,  which  alfo  mull:  have  no  other 
Building  near  it. 

The  lafl:  Places  that  Mr.  Vauban  Fortified,  are  done 
after  a  new  IVfanner,  which  may  be  feen  at  Landau  zwà 
Befforty  which  Towns  are  Fortified  with  Baftion’d 
Towers,  that  have  Counter-guards  or  detach’d  Baflions 
before  them.  This  Way  of  Fortifying  is  befi:  for  a 
Town  feated  in  a  Plain,  where  there  are  Eminences 
or  Commanding-Grounds  near  the  Place;  becaufe  you 
are  not  fo  much  feen  upon  the  Back,  or  de  rever Sy  in 
fUch  Works  as  in  ordinary  Baflions  ;  and  fuch  Towers 
ferve  both  for  Magazines  and  Cavaliers. 


The 
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The  Method  of  Fortifying  Plam^  according  to  this 
Netv  Syftem.  ' 

ALIow  to  the  Side  of  the  inner  Polygon  AA,  120 

Toifes,  to  the  Demi-gorges  AB  6;  at  the  points  j^ig, 
B  raife  Perpendiculars  equal  to  the  Demi*gorges  , 
which  will  defcribe  the  Flanks  BD;  to  finilh  the  Flank’d 
Angle,  draw  thro’  the  points  D,  a  line  DD,  which  you 
muft  divide  into  two  equal  parts  at  I,  to  fet  off  from 
I  to  E  the  diftance  ID  ;  from  the  point  E,  draw  the 
lines  ED,  which  will  defcribe  the  Faces,  and  make  the 
Flank’d  Angle  a  right  One. 

Then  to  make  the  Counter-guards,  or  the  detach’d 
pallions,  Set  off  upon  AO  the  Capital  lengthen’d  5<>  . 
Toifes,  from  the.  Flank’d  Angle  E  to  K,  and  from  the 
point  K,  djfaw  the  line  KB,  to  the  Angle  of  the 
Flank,  upon  which  fet  off  y 6  Toifes  from  K  to  G, 
for  the  length  of  the  Faces. 

You  will  have  the  Flanks  of  the  Counter-guards  by 
drawing  lines  from  G  to  C,  which  is  the  point  where 
the  Defence  of  the  Face  of  the  BalHon’d  Tower  begins  ; 
the  length  of  the  Flanks  will  be  terminated  at  the 
point  F,  which  is  the  place  where  the  Lines  of  De¬ 
fence  KB,  and  GC  meet. 

For  the  Ditch  of  the  Baflion’d  Tower,  with  the  di¬ 
fiance  B  D,  which  is  the  length  of  the  Flanks  of  the 
Tower,  defcribe  from  the  Flank’d  Angle  E,  the  Arch  P, 
for  the  Rounding  of  the  Ditch,  to  which  you  mull 
draw  the  line  PF,  which  will  terminate  its  breadth. 

For  the  Confiru6lion  of  the  Tenaille  before  the  Cur¬ 
tain,  having  left  a  Ditch  before  the  Flank  of  the 
Counter-guard  2  Toifes  broad,  fet  off' upon  the  Line 
of  Defence  beyond  this  Ditch  from  the  point  H  to  L, 

24  Toifes  for  the  Faces  of  the  Tenaille  ;  then  draw 
through  the  points  LL,  the  Curtain  LL,  which  will 
be  ot  10  Toiles,  which  you  rauft  cut  in  the  middle  by 

a  Ditch, 
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a  Ditch  where  the  prick'd  line  QX  cuts  the  Tenaille^, 
which  Ditch  is  to  be  of  the  fame  breadth  with  that  of 
the  Flank:  the  Ditch  between  the  Curtain  of  the  Place^ 
and  this  Tenaille,  is  made  by  drawing  a  line  through 
the  points  FF,  which  mull  be  parallel  to  the  Curtain; 
then  joyn  the  Ditches  of  the  Flanks  of  the  Counter^ 
gmrds^  and  that  of  the  middle  of  the  Tenaille,  at  the 
points  R,  S  ;  S,  R, 

To  draw  the  great  Ditch  of  the  Counter -guards  and  . 
of  the  Tenaille,  fet  off  upon  its  lengthen’d  Faces,  I^ 
Toifes,  from  K  to  N,  N,*  draw  from  thefe  points  N,N, 
lines  to  the  Angles  of  the  Epaüle  or  Shoulder  G,G, 
which  will  determine  the  breadth  of  the  Ditch,  whofc 
Extremities  muftbe  made  round,  by  means  of  the  Arch 
N,N,  whole  Center  is  at  K. 

To  make  the  Half-Moon  before  the  Curtain^  raife 
from  the  middle  of  the  Curtain  Z,  a  Perpendicular 
line  of  7^  or  7g  Toifes  to  Q.,  from  which  draw  lines 
to  the  points  VjV,  which  will  be  lo  Toifes  above  the 
Angle  of  the  Epaule,  upon  the  Faces  of  the  Counter¬ 
guards  ;  the  Demi-gorges  will  be  terminated  by  the 
lines  which  make  the  Ditch. 

The  Ditch  of  this  Half-Moon  mull  be  lo  Toifes 
broad,  and  parallel  to  its  Faces. 

To  make  the  Retrenchmént,  or  the  little  inner  Half- 
Moon,  fet  off  upon  the  Demi-gorges  of  the  great  Half- 
Moon  14  Toifes  from  2  to  3  :  then  fet  olF  18  Toifes 
from  2  to  4  upon  the  Capital,  and  drawing  lines  from 
4  to  3,  you  will  defcribc  the  Faces  of  your  little  Half- 
Moon,  before  which  you  mull  make  a  parallel  Ditch 
y  Toifes  broad. 

In  the  re-entrant  Angle  of  this  Retrenchment  is 
made  a  little  Harbour  to  cover  the  Boats,  that  carry 
the  Soldiers  to  the  Out-works  ;  thefe  little  Harbours 
are  built  after  the  following  manner: 

Set  off  s  Toifes  upon  the  Demi-gorges  from  2  to  t, 
and  as  many  upon  the  Capital  from  2  to  y,  which  you 
mull  cut  at  this  point  by  a  line  parallel  to  the  Curtain, 
and  fet  off  upon  this  line  each  way  from  y  to  7  one 

Toife 
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Toife  aFoot,  and  draw  the  line,  i  7,  and  by  this 
your  little  Harbour  will  be  finifhed. 

For  the  Cover'd- way,  draw  lines  parallel  to:  the 
Counterfcarp  5  Toifes  difbnt  ;  then  to  form  the  Places 
of  Arms,  let  off  from  the  points  where  the  lines  ®of 
the  Cover’d- way  make  the  re-entrant  Angles,  towards 
the  Half-Moon  or  other  Out-works,  as  from  each  fide 
of  a  xohjb^  10  Toifes  j  then  with  the  diftance  i  3  de- 
fcribe  from  the  points  Arches  interfering  at  r, 
draw  from  this  point  the  Faces  of  the  Saliant  Angle 
c  in  the  middle  of  which  make  cuts  of  9  or  10 
Foot  wide  for  Sallies.  Traverfes  are  made  in  the 
Cover’d-way  3  Toifes  thick,  to  keep  the  Men  from 
being  Enfiladed  ;  they  are  built  perpendicular  to  the  * 
Counter] carp j  and  there  is  refer ved  a  Space  of  4  Foot, 
fit  for  the  paflage  of  one  Man  at  a  time. 

Whatever  elfe  we  have  mention’d  in  this  Appendix 
as  peculiar  to  Mr.  F mhan^  may  be  feen  at  one  view 
in  the  laft  Plate. 

The  Explanation  of  It, 

This  Figure  reprefents  the  Fourth  Part  of  a  Regular  ^ 
Hexagon,  Fortify ’d  according  to  Mr. Method. 

You  may  fee  in  ita  Baflion,  a  Demi-Baftion,  a  whole 
Curtain,  half  a  Curtain,  a  Half-Moon,  and  half  of  a 
Half-Moon  :  two  great  Lunettes,  a  little  Lunette,  and 
a  Ravelin  :  a  Cover’d- way,  Places  of  Arms,  Traverfes, 
aPaliflade,  Merlons,  a  Caponiere,  and  half  of  a  Ca- 
poniere:  Barbettes,  Gucrites,  Steps,  Rampes  ox 
cutaflope;  Countermines,  zHeaà^  or  Rameau,  a  Gate, 
a  falfe  Gate,  Bridges,  a  Magazine,  a  retrench’d  Corps 
de  Guard,  a  Redoubt,  two  Sorties^  or  Sallies,  an  High- 
Way,  a  Watering-Place,  andCazerns. 

The  Profil  of  this  Figure  is  perpendicularly  cut 
upon  the  middle  of  the  Curtain  ;  whence  it  happens 
that  the  Profil  of  the  Rampart  of  the  Half-Moon,  is 
wider  than  the  Profil  of  the  Rampart  of  the  Place  ; 
bccaufe  the  Half-Moon  is  cut  along  its  Capital. 

N  y 
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The  prick'd  lines,  which  joyn  the  Works  to  their 
Profil,  (hew  what  part  of  the  Profil  is  reprefented  by 
each  Geometrical  Line  ;  and  the  two  little  Vaults 
which  arc  in  the  Profil  of  the  whole  Work,  reprefent 
th*e  Countermines  ot  the  Rampart,  and  of  the  Cover'd- 
Way.  The  Countermines  of  the  Rampart  have  a  Rampe, 
or  Steps,  to  go  down  into  them  *,  and  from  the  Counter¬ 
mines  of  the  Cover'd-Way  there  is  z  Heady  or  RameaUi 
which  goes  under  the  Field. 

Befides  this  general  Profil,  each  detach’d  Piece  has  its 
Profil  deferib’d. 

On  the  infide  of  the  Place  along  the  Enceinte^  you, 
may  fee  three  lengths  of  Cazerns,  built  to  lodge  the 
Garrifon. 

The  Enceinte  of  the  Place  is  drawn  in  Six  Lines; 
theFirft  reprefents  the  inward  Taluoi  the  Rampart; 
the  Second  the  Height  of  the  Rampart  ;  the  Third 
the  Talu  of  the  Parapet  and  its  Banquettes;  the  Fourth 
the  inward  Height  of  the  Parapet  ;  the  Fifth  its  out¬ 
ward  Height,  and  the  Cordon  or  Mafler-line  ;  the  Sixth 
the  outward  Height  of  the  Rampart,  or  the  Scarp. 

The  Baftion  and  the  Demi-Baflion  are  part  of  that 
Enceinte. 

The  whole  Baflion  is  a  full  Bafiion,  and  has  a  Bar¬ 
bette,  and  three  Guerites,  one  at  its  Flank’d  Angle, 
and  one  at  each  of  the  Epaules;  in  its  Parapet  a  Way 
is  cut  before  the  Guerites  for  Gentries  to  get  to  ’em  : 
in  the  Baftion  near  one  of  the  Orillons,  there  is  a  little 
pair  of  Stairs  to  go  down  to  the  Ditch,  into  which  i 
one  may  enter  thro’ a  Poftern,  which  is  on  the  outfidc 
of  the  Onllon,  near  the  concave  part  of  the  Flank. 
The  Demi  Baftion  is  empty,  and  has  a  Guerite  and  half  • 
a  Guerite,  with  a  Magazine. 

In  the  middle  of  the  Curtain  within  the  Place,  there 
is  a  Vault  for  Carts  to  go  thro’;  there  are  alfo  three 
little  Vaults,  which  lead  to  the  Countermines  :  Two 
of'  thefe  little  Vaults  arc  at  the  Gorge  of  the  Baftion, 
and  the  third  at  theDemi-gorge  of  the  Demi-Baftion. 

.  Near  each.of  thefe  little  Vaults  there  is  a  Slop’d 

way 
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way  made  to  go  up  to  the  Rampart  :  when  there  are  no 
Steps  they  make  ufe  of  thefe  Slop'd  ways,  where-cver 
they  have  occafion  to  afccnd  ;  in  this  Plate  they  are 
only  in  the  Ramparts  and  the  Barbettes. 

Beforenhe  Demi-Curtain  there  is  a  Dcmi-Tenaille, 
with  its  Parapet:  half  a  Caponiere  whofe  Palilîàde  is  re- 
prefented  in  its  Profil  :half  of  a  Half-Moon, with  Flanks, 
with  its  Rampart,  its  Parapet,  and  Half  of  its  Guérite. 

Upon  the  Epaule  or  Shoulder  of  this  half  of  a  Half- 
Moon  there  is  a  little  Lunette,  with  its  Parapet,  its 
Barbette,  and  its  Guerite. 

Before  the  Curtain  there  are  Two  Demi-Tenailles  of 
different  Conftruftion,  each  with  its  Parapet  :  thefe 
Two  Demi-Tenailles  are  feparated  from  each  other  by 
a  Way.  _  one  end  of  which  is  at  the  little  Bridge  be¬ 
twixt  the  Rampart  and  thefe  Two  Demi-Tenailles  ; 
and  the  other  end  of  it  is  at  the  great  Bridge,  which 
Crofles  the  Caponiere  length  ways,  and  which  joyns 
thefe  Two  Demi-Tenailles  to  the  Half-Moon.  This 
.  Half-Moon  is  without  Flanks,  with  a  retrench'd  Corps 
de  Guard,  a  Rampart,  a  Parapet,  and  a  Guerite. 

The  Two  great  Lunettes  which  Cover  its  Faces, 
have  each  of  them  a  Rampart,  a  Parapet,  a  Barbette 
and  a  Guerite.  The  Ravelin  which  Covers  the  Flank'd 
Angle  of  this  Half- Moon  has  only.<a  Parapet. 

At  one  of  the  Shoulders  of  the  Half-Moon  the  Ram¬ 
part  is  cut,  to  continue  the  way,  at  the  end  of  which 
there  is  a  Bridge  to  go  to  one  of  the  great  Lunettes, 
whofe  Rampart  is  alfocut  for  the  fame  purpofe.  After- 
.wardsyoufee  a  Bridge,  which  joyns  this  Lunette  to 
one  of  the  Places  of  Arms  of  the  Counterfearp. 

Every  Particular  Bridge  has  its  Draw-bridge  mark'd 
with  Two  crofs  lines. 

I  The  Counterfearp  or  Cover'd-way  enconipafles  the 
I  Place  and  its  Out-works.  •  At  all  the  Angies  of  the 
Counterfearp  or  Cover’d-way,  except  before  the  Rave¬ 
lin,  there  are  Places  of  Arms  Shut  up  with  Traverfes, 
broader  at  the  re-entrant  Angles,  and  narrower  at  the 
\  Saliant  Angles,  where  their  little  Enfilade  is  Cover’d 

with 


204  Mr.  Vauban’/ (>/ Fortifying. 

with  a  Merlon.  There  are  alfp  Traverfes  in  all  the 
Ditches  of  the  Out-works,  except  in  the  Ditches  of 
the  Derai-Tenailles. 

The  Ditches  of  the  Place,  and  thofc  of  the  Demi- 
Tenailles,  are  of  an  equal  depth.  The  Ditches  of  the 
other  Out- works  are  not  fo  deep  as  that  of  the  Place  ; 
but  they  are  of  equal  depth  one  to  another. 

e  Round  the  Gounterfcarp  is  the  Glacis,  in  which 
there  are  ways  cut  call'd  Sorties^  (Sallies)  ûitk  Sorties 
are  over  againfl:  the  end  of  the  Faces  of  each  great 
Lunette  at  their  Flank’d  Angle. 

In  one  of  the  Faces  of  the  Places  of  Arms,  where 
the  Bridge  of  the  Lunette’ ends,  there  is  a  -Way  cut, 
which  leads  to  the  Watering-place,  near  which  there 
is  a  Redoubt  to  fecure  the  Horfes  from  the  inful ts  of 
the  Enemies.  This  Redoubt  has  its  Parapet,  its  Ban¬ 
quette,  its  Guerite,  its  Ditch,  and  its  Glacis. 
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